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Brilliant® Il Reagents Deliver Batter Sensitivity and Reproducibility over a Wide
Range of Concentration

Standard curve plot of 100-fold dilutions from 200 ng down to 0.2 pg total RNA for
eight replicates of an ARF target gene (131bp. 54% G/C). Brilliant™ Il SYBR® Grean

ORT-PCR 1-5tep Master Mix detects template at ~2-5 Ct's earlier with tighter rapli-

cates at the lower concentrations,
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Our complete guantitative PCR portfolio features products
that include sample preparation, cDNA synthesis, QPCR
amplification and detection, and powerful data analysis
software to meet today’s research needs as well as tomomow’s
future applications. Couple our Mx" line of high performance
real-time PCR systems with our next generation Brilliant®
Il QPCR reagents and there's no need to look any further
than Stratagene for your QPCR research needs.

* Brilliant® |l reagents are designed for earlier Ct detection,
improved reproducibility, and dynamic range

- Four- or five-color Mx™ QPCR systems with powerful
MxPro™ QPCR Software

« Complete QPCR portfolio of instruments, reagents,
service, and support

Visit www.stratagene.com/Mx0PCRE for more information
about our Brilliant® Il QPCR reagents or Mx" OPCR systems—
and find a brilliant connection

(@STRATAGENE

An Agilemt Technologies Company
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See What You've Been Missing

PrimeFect™ Primary Cell Transfection Reagents

Now you can get more data from your primary cell transfections.
PrimeFect™ land || DNA Transfection Reagents for DNA delivery,
and PrimeFect™ siRNA Trans fection Reagent, for siRNA delivery,
offer the advantages of proven high transfection efficiency
and low cytotoxicity with primary cells. And with Clonetics®
and Poietics™ Primary Cells, you have the full package for great
results.

For more information go to www.lonzabioscience.com/primefect

Unless otherwise noted, all trademarks herein aremarks of the Lonza Groupor its affiliates.

@ Copyright 2007, LonzaWalkersville, Inc. www.lonza.com

m High transfection efficiency: Achieve superior expression
inavariety of cell types

m Low cytotoxicity: Maintain cell density and obtain higher
yield from transfections

m Transfectionin the presence or absence of serum: Nomedia
changes arerequired

m Easy to use: Simply mix reagent with sample and apply

LONZAQ




GE Healthcare O PURE Expertise

Want to purify even the most challenging
proteins and gain the edge in your research?

Well now you can. PURE Expertise is the distillation of 50 years of chromaotography

Want to purity even the most challenging
proteins and gain the edge in your research?

Well now vou can, PURE Expertise is the distillotion of 50 years of chromatography
experience - available online, Simply put, it's everything vou need to gain the best
results in protein purification

Register for the live webinar event "Overcoming Purification Challenges with
Difficult Proteins” at www.gelifesciences.com/pr-CPwebinar

www.gelifesciences.com/pure
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Science

SCIENCE EXPRESS

WWW.SCIENCEXPrass.orng

PLANT SCIEMCE

FKF1 and GIGANTEA Complex Formation Is Required for

Day-Length Measurement in Arafbidopsis

M. Sowa, D. A. Nusinow, 5. A, Kay, T. Imaizumi

Flowering is triggered only when both light and enough of a particular protein are

available in the afternoon, conditions only satisfied during longer days of spring.
10.1126/5cence. 1146994

GEOCHEMISTRY

Mass-Dependent and -Independent Fractionation of

Hg Isotopes by Photoreduction in Aquatic Systems

B. A. Bergquist and ]. D. Blum

The add isotopes of mercury are fractionated in a mass-inde pendent manner during

photoreduction, providing a tracer of mercury species and reactions through food webs.
10.1126/50ence. 1148050

CONTENTS I

MEDICINE

Coactivation of Receptor Tyrosine Kinases Affects the Response

of Tumor Cells to Targeted Therapies

J. M. Stommel et al,

In glioblastoma cancer cells, drugs that wark by inhibiting receptor tyrosine kinases

are more powerful in combination than when administered as single agents,
10.1126/5cience. 1142946

TECHNICAL COMMENT ABSTRACTS

CAMCER
Comment on “The Consensus Coding Sequences of
Human Breast and Colorectal Cancers”

W. E Forrest and G. Cavet
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ECOLOGY
Complexity of Coupled Human and Natural Systems
I Liv etal.

1513
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DEVELOPMENTAL BIQOLOGY
Production of Trout Offspring from
Triploid Salmon Parents

T Okutsu, §. Shikina, M. Kanne, Y. Takeuchi, G. Yoshizaki
Transplantation of trout spermatogonia to newborn sterile salmaon
results in male and female adults that produce trout offspring,

a method that may help revive extinct specios,

RESEARCH ARTICLES

COMPUTER SCIEMCE
Checkers Is Solved

1. Schaeffer et al.

A series of up to 200 computers running since 1989 has considered
the 5 % 10°° possible positions for checkers, showing that perfect
play always leads o a draw.

IMMUNOLOGY

TLR3 Deficiency in Patients with
Herpes Simplex Encephalitis
5.-Y. Zhang et al.

Aninnate immune receptor in humans selectively protects against
sovere infection of the central nervous systen by herpes simplex virus 1.

REPORTS

ASTROPHYSICS

Lighting the Universe with Filaments
L. Gao and T. Theuns

In a model of the early universe with warm dark matter, the first stars
form in long filaments, not clumps; thus, the star distribution may

reveal the dark-malter contenl. == Perspeciivep. 1511

PHYSICS

Phase-Coherent Transport in Graphene

Quantum Billiards

F. Migo et al.

Graphene acts as a quantum billiard table, the edges of which
scatter the wave functions of electrons and holes, producing
interference effects that depend on the sheet geometry.
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INNOVATION @ WORK

With MISSION® siRNA - It's About Design!

Sigma and Rosetta Inpharmatics, a recognized leader in Bicinformatics, have partnered
to bring you the best siRNA design to improve your RNAI results.

Current studies suggest that the rules used to design gene-specific sSiRNAs have a direct
effect on how well your siRNA will perform in a given RNAI expenment. Using an siRNA
designed with a best-in-class algorithm saves time and money, enabling you to focus on
downstream applications, not up-front siRNA design work, Better SIRNA Design

Better ANAI Performance

The MISSION siRNA Druggable Genome Libraries designed
with Rosetta algorithm provide:

® Efficient knockdown for low abundance message

® Improved target specificity

‘...
|

"
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u Flexible gene family sets, pre-arrayed for a range of applications :
® Optimum products from highest quality, experienced manufacturing o .
® Freedom to operate for research use : |

% Empression Remaining

The MISSIOM siRNA Performance Guarantee SRt B s

Sigma guarantees that 2 out of 3 siRNA duplexes per target gene will MISSION siRNAs designed using the

hieve knockdown efficiencies of greater than or equal to 75% e I
achieve knockdown efficiendes of greate n or equal to i et tha- saniiGeiie?
Reagent System from samples hanested 24
For more information on MISSION siRNA Druggable Genome TR I e N e A -

Libraries, please visit us on the Web at sigma.com/missionsirna.

il L B Our Innovation, Your Research "
Shaping the Future of Life Science SIGMA

ROSETTA o .
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REPORTS CONTINUED...

GEOCHEMISTRY

Early Archaean Microarganisms Preferred Elemental 1534
Sulfur, Not Sulfate

E Fhilippot et al.

Data from multiple sulfur isotopes imply that 3.5-billion-year-old
microbes on Earth were not sulfate reducers, as had been suspected,
but instead metabolized elemental sulfur,

= Perspechivi i) 1508

APPLIED PHYSICS

Current-Induced Magnetization Switching with a 1537
Spin-Polarized Scanning Tunneling Microscope

5. Krause et al.

The spin-polarized current from a tip of a scanning tunneling
microscope can switch, manipulate, and read out the magnetization
in small istands of about 100 iron atoms.

SOCIOLOGY

Global Pattern Formation and Ethnic/Cultural 1540
Violence

M. Lim, R. Metzler, Y. Bar-Yam

A model based on principles of phase-separation predicts regions of
vialence when applied to the distribution of ethnic groups in the
former Yugaslavia and India,

EVOLUTION

Crystal Structure of an Ancient Protein: Evolution 1544
by Conformational Epistasis

E.A. Ortlund, |. T. Bridgham, M. R. Redinbo, J. W. Thornton
The structure of a 450-million-year-old corticoid receptor, resurrected
computationally and biochemically, suggests how modern harmone
receplors evolved.

BIOCHEMISTRY

A Common Fold Mediates Vertebrate Defense 1548
and Bacterial Attack

C. . Rosado et al.

Structure of C8c-MACPF Reveals Mechanism of 1552
Membrane Attack in Complement Immune Defense

M. A, Hadders, D. X. Beringer, F. Gros

A domain structure shared by a mammalian defense protein and

a bacterial toxic protein suggests that the immune prateins disrupt
membranes by forming pores,

IMMUMNOLOGY

Anti-Inflammatory Activity of Human IgG4 1554
Antibodies by Dynamic Fab Arm Exchange

M. van der Neut Kolfschoten et al.

One of the two arms of a type of antibody s often replaced,

allowing binding to two different antigens and reducing
crossinking and immune responses.

== Perspective p, 1507
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MOLECULAR BIOLOGY

Functional Architecture and Evolution of 1557
Transcriptional Elements That Drive Gene Coexpression

C. D. Brown, D. 5. Johnson, A Sidow

The regulatory regions of simultaneously expressed muscle genes
are unexpectedly diverse within a sea squirt species, yet each i
evolutionarily conserved amaong species.

ECOLOGY

Mutual Feedbacks Maintain Both Genetic and 1561
Species Diversity in a Plant Community

R.A Lankou ond 5. Y, Strouss

In black mustard, allelochemicals, which inhibit the growth of other
species, are more adaptive in diverse communities and also influence
community composition.

MICROBIOLOGY

Quantitative Imaging of Nitrogen Fixation by 1563
Individual Bacteria Within Animal Cells

C. P Lechene, Y. Luyten, G. McMahon, D. L. Distel

Mapping of a rare isotope of nitragen shows that symbiotic bacteria
on the gills of shipworms fix nitrogen and transfer it to nitrogen-poor
tissues of the host. == Ferspective p. 1510
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Gene Transfer | Electroporation

ptimized...

.. for Better Results

Use the Gene Pulser MXcell™ electroparation system to quickly optimize conditions for delivering
molecules efficiently into mammalian cells — especially into primary and difficult-fo-transfect cells.
This high-throughput systermn uses disposable 12-, 24-, and 86-well plates and can be used for
transfecting siRNA, plasmid DNA, and other molecules directly into the nucleus.

Optimize Your Research Time

» Use a preset optimization protocol or a gradient protocel to decrease programming time

= Process an entire multiwell plate in 2 minutes or less

Optimize Your Reading Time

= Take advantage of Bio-Rad's extensive library of electroprotocols \

Optimize Your Resources

= Use fewer cells and less sample — siRNA or DNA — by defining
electroporation parameters

Optimize Your Experimental Gonditions

= Program up to 24 electroporation protocols, with replicates, on a single plate

Optimize Your Bench Space
= Perform high-throughput screening and standard laboratory-scale experiments

Qualify for an electroporation buffer sample online, or submit your optimization protocol
for a free gift. To learn more, go to www.bio-rad.com/ad/MXcell/

To find your local sales office, visit www.bic-rad.com/contact/ . i
Inthe LS., call toll fres at 1-800-4BIORAD {-B00- 424-6723) Viskt us on the Web at discoverbio-rad.com BIO RAD
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[3-actin, a regulator of
nitric oxide synthase,
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WERAGE

Gray Whales Far From Recovered?

Genetic analysis reveals population & still well below

its historic high.

Born to Run Long Distance

Stamina-stretching mutation widespread in some groups of people.
Dwindling Days for Arctic Ice

New projections suggest greater and greater annual melts.

Your first choice for investment funds.
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PERSPECTIVE: Dialog Between LKB1 and AMPK—
A Hot Topic at the Cellular Pole
€. Farcet and M. Billaud
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GLOBAL: 5hould | Do a Ph.D.?
E. Pain
Whether or not to do a Ph.D. is a decision many students blindly undertake.

US: Opportunities—The Most Important Venture Capitalist
F. Fiske
Uncle Sam may be the key venture capitalist to help start your

LKB1 appears to be a novel class of tumaor suppressor
that acts as an energy-sensing and polarity checkpoint.

PERSPECTIVE: P-Actin—A Regulator of NOS-3

¥ Su, 0. Kondrikov, E. R, Block

[3-actin regulates the activity of nitric oxide synthase type 3
directly and indirectly through Hsp90.

SCIENCEPODCAST

Download the 14 September Science
Podcast to hear about modeling
cultural conflict, circadian clocks
and mental health, early star
formation, and more.
www.scencemag.org/aboutpodeast.dil

science-based company.

US5: A New Tech Nexus in Silicon Valley

A, Fazekas

The Bio-Info-Nano Research and Development Institute will do research
and train scientists.

US: From the Archives—Facing Life's Challenges

as a Foreign Scientist

X. Huang

Postdoc Xinyan Huang overcame many obstacles when she first arrived as
a student from China.

SCIENCE ONLINE FEATURE

THE GONZO SCIENTIST

Check out the first installment {including
an audio slideshow) in a series of reports
on the connections between science,
culture, and the arts.

WIVW. Sclenc emag.org/sclext/ gonzosclentisé

Separate individval or institutional subscriptions to these products may be required for full-text occess.
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A No-Win Solution
for Checkers

Computer scientists have traditionally used
games such as chess as test cases for research in
artificial intelligence. Less challenging games
that have a small search space can be com-
pletely solved with computers by examining
every possible set of moves from a given starting
position. Chess has an immense search space
that would require the fastest computers eons to
solve, but other games provide tough but feasi-
ble challenges. Schaeffer et al. (p. 1518, pub-
lished online 19 July; see the 20 July news story
by Cho) report their solution of the game of
checkers. If black moves first, and the opponents
execute perfect play, the game ends in a draw.
The analysis began in 1989 and required dozens
of computers for a complete solution.

Strings of Stars

Gravity caused the first stars that formed in the
early universe to collapse in overly dense
regions. These regions were seeded by clumps of
dark matter, particles that neither glow nor
interact with light except gravitationally. Most
modeling of the first stars has used "cold” dark
matter, but it is possible that the dark matter
was "warm’ if it was made of mare energetic
fundamental particles. In computer simulations
that include warm dark matter, Gao and Theuns
{p. 1527, see the cover and the Perspective by
Bromm) show that the faster motions of the
warm dark matter erased very small density
structures, and quite stable elongated gas clouds
formed instead that fragmented to produce
strings of stars. Thus, the pattern of the first

www.sciencemag.org SCIENCE VOL317
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<< Switching Magnetism on the Spot

In magnetic hard drives, information is typically written by application
of a magnetic field, and readout is performed with a separate electrical
probe. The bit densities that can be achieved this way are limited by

stray magnetic fields that can affect nearby bits and possibly destroy
information that was already stored. The use of spin-polarized current
to locally control and read out the magnetization is expected to over-
come such problems, but the underlying mechanisms involved in spin-
polarized magnetization switching remain unclear. Krause et al.
{p. 1537) show that spin-polarized current from a scanning tunneling
microscope tip can be used to both manipulate and read out the mag-
netization in small islands of iron atoms. The magnetization switching
in the island is dominated by a spin-torque effect exerted by the spin-
polarized current, whereas the Oersted field (magnetic field arising

from current flow) is small.

stars may tell us about the dark matter content
of the universe.

Graphene Billiards

With its distinctive band structure and mechani-
cal stability, graphene (isolated sheets of
graphite) has been predicted to exhibit a num-
ber of exotic transport properties. However, the
transport of carriers around the Dirac point
{where the electronic bands meet in momentum
space) that gives rise to many of the predicted
properties has remained controversial. Miao et al.
(p. 1530} systematically studied transport prop-
erties around this region in device structures of
various sizes

inwhichthe N\ 4 W
carrier densi- . '
ties could be

varied. Carriers in
the graphene have
a large coher-
ence length

that causes its

2 Ak
transpaort to
depend on geometry. In effect, the wave functions
of electrons and holes can interfere as they are
scattered from the edges of the graphene sheet,
which acts like a quantum coherent billiard.

Pass the Sulfur, Please

Carbon and sulfur isotopic signatures provide
the main evidence for the identification of the
earliest life on Earth. Details in the signatures of
the several sulfur isotopes can now be used to
track metabolism. It was previously suggested
that a large fractionation in the **S versus #25

isotopes implies that sulfate-reducing bacteria
were present in rocks dated to about 3.5 billion
years ago. Philippot et al. (p. 1534; see the
Perspective by Thamdrup), making use of 5
data, show these rocks record the presence of
organisms that metabolized and disproportion-
ated elemental sulfur. Several such organisms
are present near the base of the phylogenetic
tree.

Human Interactions

Humans have continuously interacted with natu-
ral systems. Liu et al. (p. 1513) review the intri-
cate nature of the organizational, spatial, and

) 4

14 SEPTEMBER 2007

temporal couplings of human and natu-

' ‘4 ral systems, Case studies on different

continents suggest that couplings have

evolved from direct to more indirect
interactions, from adjacent to more distant
linkages, from local to global scales, and

from simple to complex patterns and

processes. An appreciation of such inter-

actions should help in the development

of effective policies for ecological and

sociceconomic sustainability. Humans
not only interact with nature but with one
another in groups. Lim et al. (p. 1540) have
adapted concepts of phase separation familiar in
chemistry and physics to study patterns in global
populations that can help predict and perhaps
prevent conflicts. They posit that violence arises
at boundaries between regions that are not suffi-
ciently well defined. A model based on spatial
distributions of ethnic groups gave good predic-
tions about regions of violence in the former
Yugoslavia and in India.

Continved on page 1467
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Tailor-Made Toll-Like Receptor

Laboratory-based immunology has revealed much about the role of innate immune receptors from
insects to mammals, but to what extent do such receptors protect humans from infections? Zhang et al.
(p. 1522} report a primary human immunodeficiency that points to a dedicated role for a Toll-like
receptor (TLR) in protection from infection with a single specific virus, without any apparent influence
on ather pathogens. Herpes simplex virus (H5V) causes encephalitis in children carrying a mutant
allele of TLR3, which normally regulates the antiviral interferon response to virus nucleic acid in the
central nervous system and in dendritic cells of the immune system. Maintenance of TLR3 in the
innate armory of humans may have been driven by viral infection. These results suggest that other
similarly narrow host-pathogen interactions may have also co-evaolved.

Functional Evolution of Proteins

The direct identification of protein evolution mechanisms requires comparing proteins through evolu-
tionary time. The sequence of the 450-million-year-old ancestor of vertebrate mineralocorticoid (MR)
and glucocorticoid (GR) was previously determined by phylogen etic analysis, and the ancestor was
shown to have MR-like hormone specificity. Ortlund et al. (p. 1544, published online 16 August; see
the 17 August news story by Service) used struciural, functional, and phylogenetic analysis to deter-
mine how specific mutations resulted in a change from MR-like to GR hormone specificity. They find
evidence for epistatic interactions where a substitution changed the conformation at another site.
Substitutions that had no immediate functional effect, but affected stability to allow subsequent
functional switching mutations, played an impartant role in GR evolution.

An Airy Meal

The fixation of atmospheric
nitrogen into ammonia that is
essential to human nutrition
and global ecosystems is per-
formed by free-living bacteria
and by symbionts in plant roat
nodules. Lechene et al.

(p. 1563; see the Perspective
by Kuypers), using multi-isofope imaging mass spectrometry with the stable isotope of 1N,
measured nitrogen fixation by symbiotic bacteria. They traced the utilization of fixed nitrogen, in this
case by animal rather than by plant host cells.

Doubling Up Antibody Specificity

The light and heavy chains that make up antibodies both carry variable regions at their ends that
combine to form the highly diverse antigen-binding sites of the antibody molecule. Immunological
dogma states that a single B cell generates antibodies of one defined spedficity (each molecule car-
ries identical, symmetric heavy-light chain combinations), but one particular class of antibody known
as immuneglobulin G4 {IgG4) has been suspected of breaking this rule. Van der Neut Kolfschoten et al.
(p. 1554; see the Perspective by Burton and Wilson) now provide direct evidence that lgG4 can swap
a heavy-light combination on one fragment antigen-binding arm for another, which creates antibod-
ies with dual specificity. Furthermore, in a model of disease that relies on cross-linking by antibodies,
the loss of single specificity tand the loss of the ability to cross-link) was effective at reducing disease,

Regulatory Motifs in Making Muscle

During metazoan development, multiple genes are co-expressed so that interacting gene prod-
ucts can be produced in the same place and time. Brown et al. (p. 1557) examined how genes
that function together are coordinately expressed by dissecting cis-requlatary elements in 19
co-regulated Ciona genes that encode components of a muscle multiprotein complex. Assays
defined the cis-regulatory elements through mutational analyses, and mutant-construct gene
expression in muscle cells was quantified to estimate the activity of each regulatory motif. A
comparison between the divergent species C. infestinalis and C. savignyi revealed that motif
arrangements differ widely among co-regulated genes within a species but orthologous motifs
are evolutionarily conserved.

www.sciencemag.org SCIENCE VOL317
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Anita K Jones is a profes-
sor in the Department of
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University of Virginia,
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Polar lcebreakers ina
Chamging World: A

Assessment af ULS. Needs.

An Icy Partnership

KNOWLEDGE OF THE WORLD'S POLAR REGIONS—ANTARCTICA AND THE ARCTIC—IS OF
international interest for economic, environmental, territorial, and security reasons. Studying
these environments has been a cooperative activity among countries for half'a century. leebreaker
ships have played a critical role. Unfortunately, the ULS. icebreaking capability has detenorated
substantially. Of the world’s roughly 50 high-capability icebreakers (at least 10,000 horsepower
and capable of steaming steadily through ice 4 to 8 feet thick), Russia possesses 15, Canada
operates six. The ULS. government owns three, two of which are at the end of their 35-vear
service lives. This not only threatens ULS. access to these regions but also jeopardizes the ability
of the LS. research commumity to conduct solo and international research missions, A long-lived
successful partnership between the polar research community and the U.S. Coast Guard (USCG),
which operates the government icebreakers, has been built over decades.
That partnership is unhealthy now and should be revitalized.

Many nations have benefited from the knowledge gained from research
in both polar regions. For example, we have a deeper understanding of the
molecular mechanisms that animals use to cope with freezing conditions,
the transport of organic pollutants to polar food webs, and the influence of
the polar regions on the deep ocean “conveyer belt.”

Eight nations (Canada, Denmark, Finland Iceland, Norway, Sweden,
the Russian Federation, and the United States) have land and population
in the Arctic. Their interests are not only scientific but also encompass
security, law enforcement, environmental, and economic matters. With
increased retreat of the summer ice margin, human activity, especially that
related to resource exploitation, is likely to increase. The Russians (only)
have made a territonial claim to about half of the seabed under the Arctic
Ocean, Other nations are considering their response to the Russian flag
recently planted at the North Pole.

Increased human activity inthe Arctic necessanly requires an increased presence inice-bound
waters, The US, has combined USCG Arctic patrols for maritime and environmental safety and
maritime law enforcement with research cruises. Building or contracting for separate ships for
the two missions is less cost-effective, particularly for the research community. Past history
shows that the missions and objectives of the research community and the USCG are compatible,
even complementary. These can be simultaneously served by an icebreaker following a course
suitable for research by 30 to 50 scientists aboard.

The fracture in the USCG/scientific community partnership comes from the Coast Guard’s
inability to fund replacements for the aging icebreaker ships. Surprisingly, the U.S. Office of
Management and Budget (with congressional concurrence) transferred the budget for operating
icebreakers to the National Science Foundation (NSF), a major funder of polar research. As a
result, a science agency is currently making decisions that affect the safety and training of a
military force, risking NSF's reputation and posing potential physical dangers to the crew. Until
the fleet’s recent detenioration, the USCG icebreaker ships made an anmual break-imn to McMurdo
Station in Antarctica. so that tanker and cargo ships could provision research activity. In recent
vears, NSF has contracted for ships from other nations to do the annual break-in, but those ships
have not always performed without incident.

In 2004, Congress asked the National Academies to investigate what icebreaking capability the
United States needs and how best to acquire and operate that capability. Our committee reaffirmed
the value and efficacy of'the USCG /research community partnership and recommended replacing
the aging icebreakers with new ships, designed with research community involvement. Modern
technology, particularly for hull design, propulsion, and electronics, can deliver vessels to support
needs in the Arctic and Antarctic without increasing the current number of ships. The Coast
Guard should be funded to build and operate the new ships. Researchers should pay the modest
incremental costs incurred by their presence on a cruise, as in the past. This would revitalize the
decades-old icy pannership that benefits not only US. interests but also the world community of
polar rescarchers.

= Anita K. Jones

10,1126/ science. 1149334
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BIOCHEMISTRY
Peptides to Sway Iron Levels

Ferritin proteins are best known for storing iron within their cores, but
ferritins also release iron when it is needed, such as during hemoglo-
bin synthesis or when iron is lost through hemorrhage. Although the

release process is driven by the reduction of Fe?* and uptake by Fe®*
chelators or chaperones, changes in the gated pore of the protein,
such as mutations of conserved pore residues, affect the rate of iron
release, and in vitro, millimolar concentrations of urea can unfold
pore helices and increase the release rate. Liu et al. searched a
combinatorial peptide library of ferritin-binding peptides and identi-
fied a single heptamer that accelerated iron release threefold, and when
combined with Desferal, an iron chelator in therapeutic use, led to an
eightfold increase. Another heptapeptide was identified that decreased iron
release, possibly by binding across the pore. Potential applications include
treatment of iron overload or limiting unwanted effects of iron release, such as
consumption of cellular reductants. — PDS
J. Biol Chem. 282, 10.1074/bc.C700153200 (2007).

CREDITS{TOP TO BOTTOME LIV ETAL., J BIOL CHEM. 282, 10, 1074/ BC. CIO0M53200 2007 MUBMAMNN ET AL . PLOS BIOL 5, E230(200T

APPLIED PHYSICS
Sending Plasmons Round a Bend

The arders-of-magnitude size difference between
optical fibers and nanometer-scale electronic cir-
cuitry presents a substantial compatibility gap
between the fast long-distance optical signal
communications offered by photonics and the
convenience of small-scale integrated microelec-
tranics. Surface plasmons are hybrid excitations
of light and packets of electrons confined to the
interfacial region of a metal and a dielectric, and
they offer the potential to fill that gap. However,
plasmons are dispersive and tend to leak away
because of scattering and radiation losses, giv-
ing rise to the general problem of efficdently
guiding the plasmons around the two-dimen-
sional plane to desired sites. Steinberger et al.
have fabricated surface plasmon waveguides by
lithographically patterning tracks of silicon diox-
ide deposited on a gold film. They demonstrate

have, such as the perennial workhorses
Escherichia and Saccharomyces. Nevertheless,
recent forays into soil and marine communities
have hinted at a wealth of untapped pharmaceu-
tical and biochemical expertise, and technologi-
cal advances in extracting and sequencing
genomic DNA of unpurified (and in many cases,
unseen) organisms have begun to bring those
micrabial skills within reach.

MuBmann et ol. have analyzed a single
Beggiatoa filament (roughly 30 pm wide and 1
cm long) of almost 1000 cells by whale-
genome amplification and
pyrolphosphate) sequencing. They
have been able to assemble
enough sequence to cover
approximately ¥ of the
11-Mb genome as esti-
mated by the recovery
of single-copy marker
genes and aminoacyl

ers of nitrate, accumulating it in vacuoles in con-
centrations as high as 0.5 M to the dismay of
competing denitrifying bacteria. — G)C

PloS Biol 5, 2230 (2007),

MATERIALS SCIENCE
Oxygen on Demand

In the design of artificial tissues or repair of large
wounds, one critical limiting factor is the avail-
ability of the oxygen necessary for vascularization
and healing to occur. To skirt slow
oxygen diffusion, Harrison et al.
have explored the possibility
of creating a material that
can generate oxygen in situ.
Sodium percarbonate was
mixed with poly(DL-lactide-
co-glycolide} (PLGA) in solution,
and films were solution-cast and
slowly dried to prevent the forma-

the ability to guide plasmons around a 90F bend, | tRNA synthefases. tion of voids, In a moist environment,
showing that there is a tradeoff between bend The collection of sulfur-, steady oxygen production was observed
radius and propagation length for the optimal nitrogen-, and oxygen- for 24 hours and then gradually slowed and
transmission of the plasmons through the wave- | metabolizing enzymes, Beggiatoa filament. | ended after 70 hours in total. PLGA films were

guide. The results should help shrink the incom-
patibility gap yet further. — 150
Appl. Phys. Lett. 91, B1111 (2007).

BIODCHEMISTRY
Mobhile Electron Carriers

Microbes that have not yet been cultured under
laboratory conditions are, not surprisingly,
rather more difficult to work with than those that

www.sciencemag.org SCIENCE VOL317

albeit still incomplete,

provides genetic evidence for the elevatorlike
lifestyle of this bacterium, which cycles vertically
as it harvests energy from the oxidation of sul-
fidic deposits. At the relatively oxygen-rich sur-
face of marine sediments, electrons from elemen-
tal sulfur are donated to oxygen, yielding sulfate;
in deeper, anoxic regions of the sediment, nitrate
is recruited as the acceptor of electrons from
hydrogen sulfide. Beggiateo are energetic hoard-

placed under dorsal skin flaps in mice and then
observed over a period of 1 week. Those contain-
ing sodium percarbonate exhibited a significant
decrease in flap necrosis over the first 3 days,
along with less visible tissue damage and greater
mechanical strength. However, there was no bene-
fit after a week in comparison with untreated
PLGA films. The authors are seeking to extend the
oxygen release time, either through encapsula-

Continved on page 1473

14 SEPTEMBER 2007

1471



CREDIT: FOLTENY] ETAL. NAT NEUROSCL 10, 1180 2007

Continued from page 1471

tion of the sodium percarbonate or through the
use of different oxygen-generating chemical
components, — MSL

Biomaterials 28, 4628 (2007).

CHEMISTRY
Breaking Two Rings

Polyesters have traditionally been prepared by
condensation of monomers bearing acid or ester
groups: The chain grows by formation of 0-C
bonds with concomitant loss of water or alcohol.
Choosing a cyclic monomer can eliminate for-
mation of these small-molecule by-products, as
chain growth proceeds by ring-opening, but this
approach offers limited functional diversity
along the polymer backbone. Jeske et al. have
developed a zinc catalyst that links epoxides to
cyclic anhydrides through alternating ring-
apening steps and thereby introduces backbone
substituents ranging from methyl and cyclohexyl
to vinyl moieties by appending them to the
strained three-membered rings. A cyano group
an the diiminate ligand coordinated to zinc
proved key to catalyst stability under the reac-
tion conditions. The system achieved number-
average molecular weights exceeding 10* and
low polydispersities (1.1to 1.5). — ]5Y

1 Am. Chem. Soc, 129, 10.1021/5a0737568

{2007).

EDITORS' CHOICE

|
PSYCHOLOGY

Pressure From Above

Arecent interdisciplinary trend is the use of eco-
nomic transactions, which yield a quantitative
expression of preferences, in experimental studies
of human sodal behavior. In the anonymous one-
shot dictater game, a person is allotted the task of
taking any part or all of a sum of money, with the
remainder given fo a second person who s neither
seen nor encountered again. Shariff and Norenza-
yan engaged 75 residents (ages 17 to 82) of Van-
couver and offered them the opportunity of play-
ing this game after having completed one of three
possible scrambled sentence tests. Across the
three groups, the modal choice was to take either
the entire amount or only half of it. Within each of
the two groups who had been implicitly primed
with concepts of religion or of civic justice, 11 out
of 25 people ceded half of the money, as com-
pared to 10 of 25 absconding with everything in
the neutral prime condition. Furthermaore, both
types of pro-social priming evoked significantly
greater expressions of generosity (than the neutral
prime} by theists. Linking institutional systems of
maorality to other-regarding behavior by individu-
als lends support to the proposal that the develop-
ment of sodal norms enabled the increase of
group size in our human ancestors. — GJC
Fsychol 5ci. 18, 803 (2007).

<< Knitting a Ravelled Sleave

For an activity in which we spend a third of our lives, much about sleep

RYAAAS

www.stke.org

remains enigmatic. Foltenyi et al. investigated the role of epidermal
grawth factor receptor (EGFR) signaling in regulating sleep in
Drosophila. In the fly, the activation of EGFR ligands such as Spitz
depends on the transmembrane protein Star and on Rhomboid family

(Rho) proteases. Using flies in which Rho and Star expression could be conditionally induced, they
showed that overexpression led to a transient increase in both the duration and number of sleep
episodes, which was followed by a decrease and then a return to normal. The overexpression of
Rho and 5tar also led to an increase in phosphorylation of extracellular signal-regulated kinase
{ERK, a target of EGFR signaling) that paralleled the temporal pattern of increased sleep, and the
increase in ERK phosphoryation was greatest in the tritocerebrum. Moreover, several lines of flies
in which Rho activity in neurons projecting from the pars intercerebralis {Pl, a region analogous

to the vertebrate hypothalamus) to the
tritocerebrum was inhibited with RNA
interference showed decreased sleep.
This decrease involved brief sleep
episodes in conjunction with an
increase in the number of times that
sleep was attempted—potentially a fly
maodel of insomnia. The authars pro-
pose that the production of EGFR lig-
and by Pl neurons leads to ERK activa-
tion in tritocerebrum neurans, thereby
promoting sleep, — EMA
Mat. Newrosci, 10, 1160 (2007).

www.sciencemag.org  SCIENCE  VOL 317

The P1, median bundle, and tritocerebrum
(red) overlaid on a fly brain.
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Down in the
Swamp

"The Ever Glades [sic] are now suitable anly for
the haunt of noxious vermin, or the resort of
pestilent reptiles.” That was the verdict of an
1848 report to Congress that recommend ed
draining the vast Florida wetland. It's ane of the
jewels tucked away in the Everglades Digital
Library, created by Florida International
University in Miami.

The archive contains more than 400 articles,

maps, photos, and other materials about south
Florida's history and enviranment. Offerings
range from plant censuses and rainfall analyses
to recarded interviews with Marjory Stoneman
Douglas (1890-1998), the writer who galva-
nized efforts to preserve the Everglades. In this
1908 photo, a girl in Miami poses on a stuffed
alligatar. ==

cwis.fola.eduledl

Psyching Out the Fruit Fly

Fruit fly brains are useful for studying genes
implicated in neurological disorders such as
Alzheimer's and
-~ Parkinson's disease.
=~ Getting at them,
however, requires
messy dissections
that can damage tis-
sue, Now, a new tech-
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~ Farming Good

w‘? For Health

‘ RANDOIVIS ANV E

nique may offer a hands-off peek into the
miniature mind of Drasophila.

A team led by Leeanne McGurk of the Medical
Research Council’s Human Genetics Unit in
Edinburgh, U.K., takes flies bred with genetic
markers that make the nervaus systems fluoresce
(blue, in phato) and bleaches their exaskeletons,
making the bodies translucent. Optical projection
tomography reveals the 30 structure of the organs
and allows researchers to virtually slice the flies’
brains on any axis, the authors report online an
5 September in Pio5 One. The procedure may one
day be automated, collaborator Liam Keegan says,
and—uwith better resolution and lenger-lived
fluorescence—could make hand-dissection of
fruit fly brains a thing of the past.

The worldwide agricultural revolu-
tion that began about 10,000
years ago had its downside: Many
researchers have found that early
farmers were not as healthy as
their hunter-gatherer ancestors
(Science, 9 June 2006, p. 1449),
But a new study of teeth from
Nile Valley farmers offers the first
comprehensive evidence—from
data spanning some 10,000 years—that
the farming life was better for health in the
long run,

Bear Facts

Teeth from an early Neolithic
farm woman show enamel loss.

EDITED BY CONSTANCE HOLDEN

Childhood exposure to stress from disease or
bad nutrition has a lasting effect on the forma-
tion of tooth enamel. So anthropologists Anne
Starling of Duke University in Durham, North
Carolina, and Jay Stock of the University of
Cambridge in the UK. studied the teeth of
242 individuals who lived in the Nile Valley
between 13,000 and 1500 B.C.E. They found
that 70%b of the Badari people, early farmers
who lived between 5000 and 4000 B.C.E.,
showed signs of enamel loss, compared to only
39% of hunter-gatherers from the same area
a few thousand years earlier. But once food
stocks became mare reliable, health improved
markedly: Only 33% of people wha lived from
4000 to 3100 B.C.E. had lost enamel. And by
2000 B.C.E., the incidence was down to 21%, the
authors reported online
4 September in the
American Journal of
Physical Anthropology.

Anthropologist
Clark Larsen of Ohio
State University in
Columbus calls the
study “especially inter-
esting” because it
shows that health
improved with the rise
of urbanization and
the Egyptian state.

He also says it bolsters the notion that hunter-
gatherers were initially pushed into farming by
population pressures or climate changes.

Why does a bear rub in the woods? This giant grizzly bear
from the forests of British Columbia had his tree-rubbing
habits scrutinized as part of a project to get to the bottom of
the question. It seems that bears engage in scent marking,
rubbing, biting, and scratching the same trees over many
seasons. Once a bear has "anointed” a tree, others follow
suit—in fact, stepping in the same tracks.

To learn more, Owen Nevin, now at the University of
Cumbria in Wales, setup cameras in four bear-rubbing trees
and recorded 52 bear events on spring nights in 2005 and
2006. It's mainly adult males that doit, Nevin reported this
week at a British Ecological Society meeting in Glasgow,
U.K. He says the evidence suggests that dominant males use
tree marking to warn off or override the scent of competi-
tors for both territory and females.

It's an unusually thorough experiment, says Barrie
Gilbert, who was Nevin's graduate adviser at Utah State
University, Logan. But there are still a lot of unknowns—
such aswhy bears choose the trees they do.
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WELL-CONNECTED. Most people owning a phone that doesn’t work
with their family’s T-Mobile service plan would either switch providers
or get a different phone, Not George Hotz, who spent the summer after
his high school graduation from Bergen County Academies in New
Jersey finding a way to unlock his iPhone from the device's sole sery-
ice provider, AT&T. Hotz posted his solution, which involves altering
the phone’s circuit board and uploading unique programs, on his blog
23 August before heading off last week to begin classes at the Rochester
Institute of Technology in New York state.

The rewired 1Phone isn't Hotz's first technological triumph: In
May. he was a top finisher in the 2007 Intel International Science and
Engineermg Fair for a spinning computer display capable of creating
3D images.

Hotz reports that he traded one unlocked phone for more iPhones
and a “sweet Nissan 350Z." which lists new starting at $27.900. And
the phone in his pocket is working fine.

POLITICS

JUMPING IN ... Bill Foster (right) spent

22 years as an experimental physicist at
Fermi National Accelerator Laboratory in
Batavia, lllinois. Now he wants to set up shop
in the U.S. Congress. He's running for the
seal being vacated by the former House
Speaker, |llinois Republican Dennis Hastert,
whao is retiring next year.

ADemocrat and a fellow of the American
Physical Society, the 51-year-old Foster says
Congress needs more members with a scentific
background. “Almost every issue we face has a
technical edge,” he says. “To get good policy,
you need clear goals, a good technical under-
standing, and a firm grasp of economics.”
Foster says he would push for more research
into biofuels, participation in international
efforts to fight climate change, and a renewed

FA

™)
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emphasis on nuclear nonproliferation.

Observers say Foster's deep pockets
should serve him well in his campaign. As
teenagers, he and his
brother Fred started a
company that now
makes most of the
theater lighting in
the United States.
“"He's a serious candi-
date because he has
vowed to spend at
least $1 million of his
own money,” says
Eric Krol, a political
writer for the local Daily Herald. But although
Foster may outspend his two Democratic
rivals, Republican businessman Jim Oberweis
plans to spend %2.5 million on his campaign,
and, Krol notes, the district is "still one of the
more Republican parts of Illinois.”

... BOWING OUT. Peter Agre, the Nobelist in
chemistry who dreamed of becoming a sena-
tor, has decided after dipping into Minnesota's
politics that the waters are too chilly for him.
Agre, 58, tock leave from his job as vice
chancellor for science at Duke University in
Durham, North Carolina, to see if he could
stir up enough enthusiasm—and cash—for a
run next year against the incumbent senatar,
Republican Norm Coleman (Science, 25 May,
p. 1112).

To his dismay, says Agre, an outspoken lib-
eral, the main obstacle was not conservative
opposition but an inability to impress the
Democratic Party, whose help he needed:
“There's a huge priority on how much money
you can raise; ... [party leaders] were looking
for at least 510 million.” He says having two
rich Democrats already in the field—comedian
Al Franken and attomey Michael Ciresi—also
put a damper an his plans.

Three Q’s >>

For nearly a decade, Bernat Soria Escoms, 56, has been trying to
turn embryonic stem cells into insulin-producing cells for treating
diabetes, most recently at his lab at the Andalusian Center for
Molecular Biology and Regenerative Medicine in Seville, Spain. In
July, Spain’s President José Luis Rodriguez Zapatero appointed him
to join the Cabinet as minister of health and consumer affairs. The
ministry, based in Madrid, also controls much of Spain’s 52 billion
biomedical research budget.

take the fast train to Seville. I am in the lab
Friday atternoon and evening and on Saturday.
If the minister of culture goes to exhibitions
and the theater [to stay current in the arts], [ can
go to the lab.

Q: When will stem cell research have a measur-
able impact on doctors and patients in Spain?
Very soon, if you consider stem cells as a
broad concept including adult stem cells. In
the coming weeks, [ will announce a program for clinical research
on cell therapies for 12 diseases, including complications from
diabetes, cardiopathy, multiple sclerosis, amyotrophic lateral scle-
rosis, and muscular dystrophy. For embryonic stem cells, we are
still at the level of basic research.

Q: You have said you were surprised by the job offer. Was it a hard
decision?
Yes, but if you say no, you can never again criticize the government.

: Do you miss your lab?
The Council of Ministers meeting ends at noon on Friday, and [ then
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SPACE PHYSICS

On the
critical list

Beyond Einstein Should Start With
Dark Energy Probe, Says Panel

Dark energy is a subtle force believed to
be responsible for accelerating the uni-
verse's expansion, Last week, italso
proved irresistible to a panel of U.S. physi-
cists and astronomers asked to set priori-
tics for an ambitious set of modestly
priced missions to tackle the most exciting
cosmological questions of the era. Its

Going Beyond Einstein

Yy 771
y ROBE (Nasp) ke
r1ngpﬂr'm'm of the Ui

*4.3 billign s

2 b illign-—

yvear asked the National Academices’
MNational Resecarch Council (NRC) for
advice on deciding which missions should
get off the ground first, starting in 2009,
The council's 220-page report, issued
6 September. gives top billing to the dark
energy effort. followed by the Laser Inter-
ferometer Space Antenna (LISA). a three-

LISA (NASA and ESA)

Three spacecraft to measure gravitational waves
$2.75 billion

BLACK HOLE FINDER KNF".SP'._'J S
To study how black holes develop and grov
532 billion-$2.5 billion

In the spotlight. A new report ranks the proposed missions under NASA's Beyond Einstein program and
offers cost estimates significantly higher than those from project teams.

report recommends that NASA and the
Department of Energy { DOE) begin work
next vear on a 5 1-billion-plus Joint Dark
Energy Mission (JDEM), while saying
that plans for four other space physics
spacecraft should be delayed—some
indefinitely, given the pressure on NASA's
science budget.

Four years ago, cosmologists came up
with five distinet projects to examine
black holes, gravitational waves, dark
matter, the early inflation of the universe,
and dark energy as part of what NASA
labeled its Beyond Einstein program.
Faced with tight budgets and prompted by
congressional concerns, the agency last

14 SEPTEMBER 2007 WOL 317 SCIENCE

satellite mission designed to detect gravi-
tational waves. The rest of the projects.
says the report, will have to wait their turn.

Making a queue for these missions is
critical given the limited funding for new
science mitiatives at NASA, The NRC
panel, led by Charles Kennel, an atmos-
pheric scientist and physicist at the Univer-
sity of California, San Diego, also broke
new ground by developing independent
cost estimates for missions that are not yet
in NASA's pipeline—and by concluding
that cach project team had seriously under-
cstimated the cost of building and operating
the spacecraft. It said Constellation-X, an
advanced x-ray telescope, for example,

Avirus's European
toehold

would cost 83 billion rather than $2.1 bil-
lion. And with a program budget expected
to rise from only $37 million in 2009 to
$211 million in 2012, Beyond Einstein
scems incapable of supporting more than
one misston in the near future. “Our task
was to address a mission which could fit
[into a] budget wedge opening up in 2009
Kennel explained to reporters,

JDEMS success was due to both its sci-
entific appeal and the maturity of its tech-
nology, panel members said. DOE’s prom-
ise of up to $400 million didn’t hurt, Saul
Perlmutter, a DOE Lawrence Berkeley
National Laboratory physicist and
co-principal investigator on one of the
three different proposed versions of the
project, says that JDEM could be launched
by 20015 and that the project has benefited
from 540 million from DOE during
the past 3 years. LISA. estimated to cost
52.75 billion rather than 32 billion. is
another project counting on outside fund-
ing, with the European Space Agency (ESA)
offering to foot 3600 million of the bill.
Kennel says the panel found LISA “an
enchanting and technologically exciting
mission” but suggested that NASA make
no further plans until after the Pathfinder
spacecraft, an ESA/NASA mission that will
test LISA technologies, flies in late 2009,
“We felt that in the long term, LISA will be
the Beyond Einstein flagship.” Kennel
noted. “But it will not be ready in 2009.”

In contrast, the NRC panel recom-
mended kicking Constellation-X out of the
Beyond Einstein tent because its contribu-
tions to science are likely to extend beyond
the scope of the initiative. “Beyond
Einstein 1s not the sole justification [for
Constellation-X] or its primary benefit to
the science community,” the report con-
cludes. Another mark against it is a price
tag that is comparable to one of NASA's
major observatories, and $900 million
above the previous projection.

Bringing up the rear are the Black Hole
Finder Probe and Inflation Probe, a rank-
ing that didn’t surprise backers of those
two projects. “The competition was
intense,” says Harvard University astro-
physicist Jonathan Grindlay, principal
investigator on one of the two black-hole
projects. The committee found a number
of problems with the probe, which is
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designed to find black holes of all sizes,
including the difficulty in pinpointing low-
luminosity black holes, questions about
whether it could accurately determine
growth rate of black holes, and uncertainty
in identifying the galaxies in which they
reside. It also gave a cost that'’s roughly
double the initial $1 billion estimate.
Grindlay disputes the new price tag, which

U.S5. NATIONAL SECURITY

Resetting the
circadian clock

he calls “way out of line,” and adds that the
committee ignored recent findings on high-
redshift gamma-ray bursts that are beacons
for black-hole creation.

Other rescarchers give the NRC panel
high marks for weighing the science that
could be done before considering schedules
and cost, “There were so many good ideas,
they had a tough choice,” says Bradley

Dengue vaccine
challenges

Schaefer, an astrophysicist at Louisiana
State University in Baton Rouge. NASA
officials were also pleased with the results.
“We're happy with what they've accom-
plished.” says Jon Morse, NASA astro-
physics chief, emphasizing the importance
of a fiscally realistic plan. “*We need to con-
tain irrational exuberance.”

-ANDREW LAWLER

Scientists Fear Curbs on Access to Satellite Data

For more than 3 decades. U.S. science agen-
cies have used images taken by the nation’s
spy satellites to study everything from erupi-
ing volcanoes to the migration of marine
mammals. Now, a new plan to expand the use
ot the satellites for homeland secunty and law
enforcement has left some officials worried
that science will suffer.

Last month’s announcement by the
Department of Homeland Security (DHS)
that it was setting up a new National Applica-
tions Office (NAO) this fall to widen the use
of spy-satellite imagery has sparked protests
from civil libertics advocates, They worry
that federal, state, and local authorities will
scek high-resolution, real-time images to
monitor activities of LS. citizens in the same
way that the satellites help track terrorist
activities overseas, But officials at federal sci-
ence agencies are concerned for a different
reason: They suspect that the new arrange-
ment could mean fewer chances to investigate
scientific questions or cause delays that
undermine the value of the information.

The satellites are operated by defense
agencies and used mainly for reconnaissance
overseas. Federal scientists can ask for per-
mission to see specific images—as well as
request that specific images to be taken—by
applying to the Crvil Applicanions Commut-
tee (CAC). Recommendations from the com-
mittee, which is headed by the director of
the U.S. Geological Survey (USGS) and
includes officials from more than a dozen
agencies, are reviewed by the National
Geospatial-Intelligence Agency (NGA),
which oversees military and intelligence
mapping eftorts. Last year, CAC forwarded
about 50 such requests.

Researchers have used the program to
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access images of phenomena such as the
movement of glaciers in Yakutat Bay in
Alaska, forest fires in Montana, and Mount
Pinatubo in the Philippines. “If we are con-
cerned that a volcano is about to erupt, we
would like to be able to getthe data now.” says

The big picture. Spy-satellite images have helped scientists study
forest fires and other phenomena.

James Devine, an adviser to USGS director
and CAC chair Mark Myers,

Under the new plan, CAC will report to
MNAQ in parallel with two new working groups
that will serve homeland security and law
enforcement. NAO will take requests from all
three working groups and pass them on to
NG A, essentially adding a layer of bureau-
cracy. Some CAC members fear that scientific

requests will end up at the bottom of the
queue, far behind requests such as aerial
images of vehicles at the LS.~ Mexico border.
Science officials are also concerned that dis-
agreements over privacy could lead Congress
to decide that only intelligence agencies
can use the data.

Some legislators have
expressed similar apprehen-
sions. In a 16 August letter
to DHS Sccrctary Michael
Chertoff, Representative Edward
Markey (D-MA) asked the
agency to describe how it plans
“to ensure that vital scientific
activities are not eroded” as the
program expands “to include
homeland security objectives”

DHS officials say those
fears are unfounded. Speaking
to Seience at a House hearing
last week on the new office.
Charles Allen, DHS chief intel-
ligence officer, said that the
scientific program “is going to
become more robust than ever.
We are going to work hard for
all of our customers, including
science agencies.”

CAC members sy they won't
know if science is being served
until they learn more about the new office.
“The people in charge have been a group
of scientists representing their respective
agencies,” says another CAC member who
requested anonymity, “'With the program
moving toward some sort of a domestic sur-
veillance mission, can the science continue as
betore? | don’t know.”
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GENOMICS

Extra enzymes.
‘~Hadza diet drives
gene copying.

A Little Gene Xeroxing

Goes a Long Way

Researchers studying the evolution of
starch digestion have uncovered evidence
of a surprising adaptation: Rather than
relying on mutations in a particular gene to
help us digest roots and tubers better, the
human genome simply made more copies
of the gene in question, The finding is one
of the strongest examples yet of evolution
affecting gene copy number in humans and
sheds light on how our diet split us apart
from other primates.

An enzyvme called salivary amylase—
encoded by the AMY! gene—helps humans
digest starchy food. Ina typical evolutionary
scenario, natural selection would favor ran-
dom mutations in AMY/[ that caused it to
churn out more of the enzyme or a more
effective version of it in people who ate a
high-starch diet.

But a study published onlme 9 September
in Natre Genetics contends that something
else happened. Nathaniel Dominy, an evolu-
tionary anthropologist at the University of
Calitfornia, Santa Cruz, and George Perry at
Arizona State University in Tempe analyzed
AMY 1 in high-starch eaters such as Ameri-
cans of European descent, Japanese, and
Hadza from Tanzania, hunter-gatherers who
cat many roots and tubers, as well as groups
that eat little starch, such as the Biaka of the
Central African Republic and the Mbuti
from Congo, both rainforest hunter-gatherers,
and Tanzania’s Datog and Siberia’s Yakut
pastoralists. In all. the researchers studied
samples from more than 200 people.
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The team found that rather than having
mutations that boosted AMY s activity, the
high-starch ecaters had extra copies of the
gene. On average, the high-starch eaters
had seven copies of the gene, whereas the
low-starch populations had only five, “If
you have a gene that'’s working well, why
not just copy it over and over again?” asks
Dominy. “Why wait for evolution to just
roll the dice?”

For a broader evolutionary perspective,
the researchers looked at 15 chimpanzees,
which eat little starch. All had only two
copies of AMY1. And an analysis of the gene
from bonobos, the chimp’s closest relative,
found that it had mutations that may prevent

AMY1 tfrom functioning altogether, *1 was

very excited to see this,” says Gregory
Laden, a biological anthropologist at the
University of Minnesota, Twin Cities, who
contends that eating starch-rich roots and
tubers played a key role in differentiating
humans from other apes.

Ajit Varki, who studies human origins at
the University of California, San Diego,
says the report also suggests that humans
may have had access to starchy foods before
the advent of agriculture, as is commonly
thought, Even populations with low-starch
diets had extra AMY/ copies, he notes:
“This would imply that first there were
some rounds of duplication of the gene in
preagricultural humans, and then that went
further in agricultural humans.”

=JON COHEN

IENCESCOPE

Still Waiting for Cybrids

Despite a provisional ckay from British regula-
tors, scientists who want to use animal eggs as
part of a process to produce patient-specific
embryonic stem (ES) cells will have to wait a bit
longer for the expected green light. Two U.K.
groups have applied to that country’s Human
Fertilisation and Embryology Authority (HFEA)
to try nuclear transfer techniques that would
combine human cell nuclei and animal cocytes
to create so-called cybrids. The technique,
which U.5. and Chinese scientists have tried
with limited success, might allow researchers to
make patient-specific ES cells without using
human oocytes, which are difficult to abtain.
After a yearlong review, HFEA said last
week that it saw no fundamental reason to pro-
hibit the technique but that it plans to make a
decision in November after additional study.
Stephen Minger of King's College Londan, who
submitted his application in November 2006,
says he is satisfied with the British requlatory
pracess. "l like the fact that this [research] is
tightly regulated. | think we’ve come out the
other end with a huge amount of support”
from the public. =GRETCHEN VOGEL

Stem Cell Funding Plans

German scientists hoping for a relaxation of
the strict laws governing human embryonic
stemn (ES) cells won't be getting any help from
education and research minister Annetle
Schavan. This fall, the German parliament is
expected to debate the country’s current stem
cell regulations, which make it a crime to work
with human ES cells derived after 1 January
2002. This week, Schavan said she would not
support lifting the cutoff date, although she
did not rule out shifting it to allow work with
more recently derived cells. At the same time,
Schavan announced $6.85 million in new
funding for research into methods that would
produce pluripotent cells—cells that can
become nearly all the body's cell types—
without using human embryos. She says her
goal is to make ES cells "superfluous.”

As Germany continues to tread cautiously,
California is speeding toward its goal of
becaming the world's stem cell mecca. On
10 September, the Eli and Edythe L Broad
Foundation announced a 520 million donation
to the University of California, Los Angeles, for
faculty development, equipment, and facilities
at its stemn cell institute, now renamed after
the donors. Last year, the foundation gave
525 million to the University of Southern Cali-
fornia in Los Angeles for the same purpose.

~GRETCHEN VOGEL AND
CONSTANCE HOLDEN
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Scientists Say Ebola Has Pushed
Western Gorillas to the Brink

The combined threat of the Ebola virus
and poaching have pushed western gonillas
into the “critically endangered” category
in the latest international ranking of
species threatened with extinction.
Although estimates suggest that tens of
thousands of the ammals sull live in west-
central Africa, the new Red List from the
World Conservation Union (1UCN) moves
the species into its highest alert category,
in large part because of fears that continu-
ing Ebola outbreaks could swiftly wipe out
still-significant gorilla populations,

The list, released on 12 Sept-
ember, highlights the western
gorilla as well as dozens of other
species for which new data indi-
cate an increased risk of
extinction. The “critically endan-
gered” category is usually ap-
plied when just a few hundred
individuals survive in the wild.
But researchers say that western
gorillas, despite their relatively
large numbers, are in serious
trouble. An ongoing series of
Ebola outbreaks has killed up
to 90% of the animals in some
regions (Science, 8 December
2006, p. 1522), and the use of
vaccines to stem the disease
faces daunting challenges.
Adding to the pressure. the rapid
development of logeing roads has
opened up vast new regions to
poaching and the bush-meat trade.

Although the other species in
the Gorilla genus, the eastern
gorilla, is far less numerous than
the western gonlla, IUCN ranks
the former one level lower at
“endangered” because it 1s out-
side the current area of Ebola
outbreaks. As for western gorillas, there
may be as many as 30,000 left in their cur-
rent range, which stretches across Gabon,
Equatorial Guinea, and parts of Cameroon,
the Central African Republic, and the
Republic of the Congo. There are two
subspecies, the more common western
lowland gorilla and the extremely rare
Cross River gorilla, of which fewer than
200 probably remain,

It is unusual for disease to be cited as a
reason for reclassification, says wildlife
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disease specialist Richard Kock of the
Zoological Society of London, who
co-chairs the IUCN Veterinary Specialist
Giroup. But even if the new status has come
sooner than expected, the change is war-
ranted, says Kenneth Cameron, a field vet-
erinarian with the Wildlife Conscrvation
Society in Brazzaville, Republic of the
Congo. “ls this jumping the gun a bit?
Some would argue that it is,” he says. “But
it is inevitable that this species is going to
end up on a critically endangered list. It's
simply a matter of when."

;A

IUCN experts found that the western
gorilla population has declined by 60% in
the past 20 to 25 years and estimated that in
the past 15 years Ebola has killed one-third
of the animals living in protected areas such
as national parks. Those numbers are only
the roughest of estimates, Kock says. The
current gorilla range “is a huge place. ...
It's bloody impossible to know what s going
on” in the remote forest regions, he says,

Conservationists say they hope the new
status will help pressure governments and

Pl

At risk. The threat from the deadly Ebola virus and poaching have prompted
scientists to call western gorillas critically endangered.

international donors to increase efforts to
protect gorillas and their habitat. They also
say they hope it will lead to more funding
tor the search for an Ebola vaccine.

What is certain is that western gorilla
habitat will be under severe pressure in the
next 5 years, Cameron says. Plans are under
way in the Republic of the Congo to
improve the road and rail connections
between Brazzaville and Ouesso, the
largest town in the north, Both projects will
cut through prime gorilla habitat, making it
casier for hunters to reach and for bush
meat to be shipped back to city markets.

While public awareness campaigns and
increased antipoaching efforts might help
mitigate pressure from hunters, scientists
are struggling to blunt the impact of
Ebola. The virus can pass from ape to ape,
so regions with higher popula-
tion densities are especially at
risk. “lt appears to act like a
brushfire,” Cameron says. “You
get a lightning strike some-
where, and it starts to bumn.”

Although admitting it’s a long
shot. some researchers hope a
vaccine campaign could at least
save enough amimals to preserve
the species. At least halt a dozen
vaccine candidates have pro-
tected mice or monkeys in the
lab from the Ebola virus. But
finding a way to deliver a vac-
cine safely to wild animals 1s no
small challenge.

Few believe that vaccine-
laden darts could reach enough
gorillas to stem the spread of the
disease. Peter Walsh of the Max
Planck Institute for Evolutionary
Anthropology in Leipzig. Ger-
many, is working with a vaccine
company to develop possible
baits that could carry an oral vac-
cing. The bait must keep the vac-
cine viable in the hot, humid con-
ditions of the forest, attract great
apes. and be safe for other ani-
mals who might find it first. Walsh says that
before the end of the year, he and his col-
leagues plan to begin testing darting and
oral bait strategies, without incorporating a
vaccine, in the Republic of the Congo.

“This is not just about Ebola,” Walsh
says, “All apes are under increased discasc
threat, especially from human-introduced
diseases,. Vaccines are going to be an
increasing part of conservation. .. This is
not going to be wasted time or money.”

=GRETCHEN VO GEL
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EPIDEMIOLOGY

Tropical Disease Follows Mosquitoes to Europe

For vears, medical entomologists have wor-
ried that the astonishing ascent of the Asian
tiger mosquito (Aedes albopictus) might
bring not only nasty bites but also new pub-
lic health surprises. After all, themosquito isa
known vector for more than 20 viral discases.

They were right, This summer, the mos-
quito, which has become firmly established
in southern Europe, has infected almost
200 people in Italy with chikungunya, a
painful viral disease. It's the first
known example of chikungunya
transmission outside the trop-
ics—and it's making scientists
wonder whether 4. albopictus
has the potential to touch off
much larger outbreaks in Europe
and the United States.

Chikungunya is rarely fatal
but can cause severe fevers,
headaches, fatigue, nausea, and
muscle and joint pains. People
started falling ill in Castiglione
di Cervia and Castiglione di
Ravenna—two villages sepa-
rated by ariver in the province of
Ravenna—in carly July, says
Antonio Cassone of the [stituto
Superiore di Sanita (1S5), a
national government lab in
Rome. But most patients’ symptoms were
mild and resembled those of other diseases,
such as the Toscana virus, so health officials
didn’t notice for a while. Samples reached
IS5 on 27 August, and the virus was identi-
fied the next day.

Epidemiological detective work suggests
that the index patient was a man who traveled
to one of the villages and became sick there,
after having been infected in India. Isolation
and sequencing of the virus are under way to
confirm that theory, Cassone says. One
patient, an 83-year-old man wath severe pre-
existing medical problems, has died.

Chikungunya sickened more than one-
third of the almost 800,000 inhabitants of
La Reunion, a French island in the Indian
Ocean, in 2005 and 2006 (Science, 24 February
2006, p. 1085). India suffered an explosive
outbreak in 2006 with more than 1.25 million
cases, although some believe the real toll is
much higher. Several European countries
had seen “imported” cases of chikungunya
lately. but local transmission in Europe has
never been observed before. “It's fascinat-
ing,” says entomologist Paul Reiter of the
Pasteur Institute in Paris.
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Six-legged stowaway. Aedes
albopictus frequently travels in
shipments of plants such as
Lucky bamboo.

A daytime biter, A. albopictus originated
in Southeast Asia and has made impressive
strides across the globe in the past
2 decades. It was first found in the United
States in secondhand tires imported from
Asia in Houston, Texas, in 1985; today, it
has spread to more than 20 southern and
castern states. In Europe, the mosquito has
appeared in Mediterranean countries from
Greece to Spain and as far north as the

r s

Metherlands, Its cggs often hitch a ride wath
plants shipped in water containers, such as
the popular Lucky bamboo.

It's too early to tell whether chikungunya
now has a permanent foothold in Europe.
Mew cases have slowed to a trickle, says
Cassone, in part because the mosquito pop-
ulation is dwindling as temperatures drop. A
critical question is whether infected mos-
quitoes can survive the winter or pass on the
virus to their offspring via their eggs, says
Reiter. “If they can, we might see a np-roaring
epidemic next year,” he says. Even if they
can't, any newly imported case could kick
off an outbreak in the future.

There are no drugs or vaccines against
chikungunya, but the outbreak at La Réu-
nion triggered renewed interest in an old
vaccine candidate developed in the 19805 by
a LLS. Army lab in Fort Detrick, Maryland.
Scientists at three French government insti-
tutions are now working on that vaccine, and
new clinical trials might begin before the
end of 2008, says epidemiologist Antoine
Flahault, who chaired a French task force on
chikungunya last year.

=MARTIN ENSERINK [
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The Full Taleyarkhan

It looks as though bubble fusion researcher
Rusi Taleyarkhan of Purdue University in West
Lafayette, Indiana, will go under the micro-
scope after all. Last week, Purdue officials
announced that an internal panel has con-
cluded that allegations of research mis-
conduct warrant a full investigation.

The latest inquiry was prompted by a
request from the Office of Naval Research
{ONR}, which helped fund some of Taleyarkhan's
work, and follows congressional criticism of
Purdue’s handling of the alleged misconduct.
The decision reverses a previous ingquiry by
the university that recommended against a
full investigation (Science, 16 February,

p. 921). Purdue expects to begin the investi-
gation once it hears back from ONR officials.
-ROBERTF. SERVICE

Show Me the Data

Many gene hunters who trawl the entire
human genome for disease genes will soon be
asked to share their data. Starting 25 January,
recipients of grants from the National Insti-
tutes of Health (NIH) for "genomewide associ-
ation studies” will be “strongly encouraged”
to submit their data sets stripped of identifiers
to a central database. The sharing will allow
findings to be validated in many populations
(Science, 11 May, p. 820).

NIH will give researchers who submit data
sets a year to publish before others can use the
data in their own publications. Privacy protec-
tions would prevent nonresearchers from using
the Freedom of Information Act to obtain
genetic and clinical data on an individual, NIH
concluded. One academic says she hopes NIH
will spell out how institutional review boards
should comply with the policy.

=]OCELYN KAISER

Florida Bound?

Germany's Max Planck Institute (MP1) is a big
step closer to opening its first research center
in the United States. This week, county com-
missioners in Palm Beach, Florida, unani-
mously supported the idea of selling $86.9 mil-
lion in bonds as part of a $1B1.8 million incen-
tive package to lure the institute. If the state
kicks in its share, MP| will build a 9000-m?
bioimaging research facility on the campus of
Florida Atlantic University in Jupiter, next door
to newly arrived Scripps Florida. “I've spent
about 10 seconds considering this,” says
Commissioner Jeff Koons. “[Then] | said, ‘Go
doit." * MPl officials called the vote “an impor-
tant steppingstone.” ~ROBERT F. SERVICE
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BIOSECURITY

Reports Blame Animal Health Lab
In Foot-and-Mouth Whodunit

Meglected, leaky pipes and England’s record-
setting wet summer likely combined to cause
the country’s recent outbreak of foot-and-
mouth disease (FMD), according to two
reports issuced last week, The virus responsi-
ble probably escaped from a company, Merial,
that grew vast amounts of it for vaccine
production, the studies say. Yet the reports
assign most of the blame for the outbreak to
the Institute for Animal Health (IAH), a gov-
ernment lab at the same site in Pirbright that
owned the aging network of underground
wastewater pipes and was aware that itneeded
maintenance, LAH breached biosecurity in
other ways as well. the reports found.

The findings are a blow to the reputation of
LAH, a world-renowned FMD research center,
says Andrew Mathieson, an environmental

health expert at the University of the West of

England in Bristol. But they should also serve
as a more general warning. “My worry is:
What about the many other research establish-
ments of the same age?” he says.

Rapid government action helped contain
the FMD outbreak, first confirmed on
3 August, to just two farms in Surrey (Science,
10 August, p. 732). Stll, the National Farm-
ers” Union puts the accident’s cconomic
impact at more than $100 million, and some
politicians have called for resignations at the
Department for Environment, Food and Rural
Affairs (Defra), which oversees biosafety at

Merial Large-scale FMD vaccine production

Disinfection of wastewater !
with citric acid (first step) 4

i
; A
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IAH Small-scale FMD experiments

Underground
drainage network

IAH and also funds some 65% ofits work.

Genomic comparisons of the outbreak
virus to strains from Merial and IAH can’t
pinpoint from which of the two labs the virus
escaped, according to the reports, one led by
the LLK.s Health and Safety Exccutive
(HSE), agovernment agency, and the other by
molecular epidemiologist Brian Spratt of
Imperial College London. Still, the panels
say, it's much more likely that the virus came
from Merial, which grew it in two 6000-liter
vats shortly before the accident, producing a
million times more virus than IAH used in its
small-scale experiments,

But how did it escape? The reports con-
clude that air leaks. contamination from
solid waste, and foul play by terrorists or dis-
gruntled emplovees are unlikely. Instead,
both focus their suspicions on the site’s
wastewater system.

A two-step chemical strategy 15 used at
Pirbright to prevent FMD from cscaping in
liquid waste. Both Menial and TAH first treat
wastewater at their own buildings wath a dis-
infectant such as citric acid. Then, a complex
system of pipes takes the water to a shared
cffluent treatment plant, managed by 1AH,
where caustic soda is used to raise the pH to
12 and kill off any remaining virus during a
1 2-hour holding period. Finally, the liquid is
released into the sewer,

Although the first treatment step proba-

Recipe for an outbreak. The escaped foot-and-mouth disease virus (red) probably originated at vaccine
manufacturer Merial, two reports say, but the Institute for Animal Health owns the leaky drainage system that
presumably let the virus seep into the soil. Trucks may have then carried it close to a farm.

bly killed oftf almost any leftover virus at
IAH, it likely didn’t inactivate the larger
amounts in Menals wastewater. The second

treatment step would normally take care of

that, but the network of pipes, pumps, and
manholes leading to it suffered from leaks
due to cracks, tree roots, and other problems.
The reports hypothesize that live virus
seeped into the soil as a result, especially
because July'’s excessive rainfall may have
causcd the drains to overflow,

As it happened, construction crews were
digging holes around the leaks at the time, and
heavy trucks—without proper IAH over-
sight—drove through the presumably virus-
laden mud. Some of these vehicles later took a
road that went very close to the first infected
farm. From there, the farmer may have carried
the virus to his herd.

LAH, a part of the UK. Biotechnology and
Biological Sciences Research Council
(BBSRC), owns the antiquated dramage sys-

tem, the HSE report says. It was also aware of

some of the network’s problems. In fact, IAH,

Defra, BBSRC, and Merial had debated an

upgrade since 2003; the problem was money.
As to Menal’s discharge of virus mto its

wastewater, HSE says this wasn't a breach of

biosecurity, because Defra had approved the
procedure used in the first dismfection step.
But in a statement, IAH pointed its finger at
Merial, suggesting that the company should
have taken better care to inactivate any virus,
Strangely, the Spratt report says, |AH didn’t
scem to know that Merial might release active
virus into the system; biosafety officers from
the lab and the company hardly ever talked,

Both panels question the wisdom of

chemically inactivating wastewater alto-
gether. Indeed, most modern labs use thermal
inactivation—that is, pressure-cooking at
[21°C—to destroy any pathogens, says Lee
Thompson, a biosafety officer at the Univer-
sity of Texas Medical Branch in Galveston.
Still, the second step, using caustic soda, “is
very effective against FMD.” Thompson
says— but underground pipes that cannot be
inspected “are a big problem.”

Defra says it will adopt a range of recom-
mendations to fix problems at Pirbright, such
as keeping better track of visitors and making
sure biosafety officers communicate, Merial
has agreed not to grow live virus until
LLK. authorities give it the green light. IAH,
which was constructed in 1924, is due to be
almost completely rebuilt by 2012, although
some funding issues remain, Defra has also
asked Health and Safety Commission chair
Bill Callaghan to review the regulatory
tramework for animal pathogens. He is due
o report by December.  ~MARTIN ENSERINK
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Lapses in Biosafety Spark Concern

An apparent breakdown in biosafety at Texas
A&M University (TAMU) in College Station
is prompting scrutiny of the expansive
U.S. biodefense research program and the
assurance that federal imspections keep
researchers following the rules. Last week,
the Centers for Disease Control and Preven-
tion (CDC) in Atlanta, Georgia, described a
dozen safety lapses at TAMU, from unre-
ported exposure to pathogens to inadequate
protective gear. TAMU's rescarch on select
agents, pathogens that are considered poten-
tial bioweapons, is on hold until it complies
with the regulations.

But in a twist, CDC may have indicted
itself along with TAMUL Toward the end of a
21-page report, it noted that it had inspected
TAMU as recently as February and found
nothing other than minor problems, such as
vanation in how staff racked lab inventory.
After prodding by an independent whistle-
blower, however, CDC inspectors returned to
TAMU m July and uncovered the violations
described in last week's report, many from
before the February inspection.

Biosatety and bioweapons experts say
the charges are among the most damning
that they can recall. They include three
missing vials of Brucella bacteria; unau-
thorized employees working with select
agents; a faculty member performing a
recombinant DNA experiment without the
necessary CDC approval; concerns about
disposal of animals used in select-agent
experiments; and three unreported cases of
individuals exposed to the bacterium
Coviella burnerii, which causes () fever, a
treatable but infectious disease. “There

www.sciencemag.org  SCIENCE

was no evidence that a coordinated
response or biosafety assessment was per-
formed as a result™ of these exposures,
notes the CDC report.

The report “reflects about as badly on
CDC as it does on Texas A&M,” says
Edward Hammond, director of the Sun-
shine Project in Austin, Texas, a bio-
weapons watchdog group. Last spring,
Hammond’s repeated demand for TAMU
documents under a state open-records law
revealed that in April 2006, an employee
was diagnosed with brucellosis, an animal
discase. TAMU did not report the infection
to CDC until after it came to light { Science,
20 April, p. 353). Inspectors initially
missed the “train wreck of a select-agent
program,” says Hammond. CDC has “got
some explaining to do.”

The agency declined to comment.
“There's nothing | can add.” said CDC
spokesperson Yon Roebuck, when asked
whether the agency would speak to its fail-
ure to detect the
major safety viola-
tions in its February
inspection of TAMUL

One possible expl-
anation, says Ronald
Atlas, a microbio-
logist at the Univer-
sity of Louisville in
Kentucky, is that
normally, “the in-
spections arc of the
lab facility™ and equip-
ment, not an in-depth

look at lab proce- for a year.
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Exposed. Brucefla bacteria infected a
researcher, but the case went unreported
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Under fire. Texas ARM University was faulted for
I3 pses in its oversight of pathogen research,

dures. Many of the TAMU violations, however,
concern access to pathogens and lab practices.

The problems CDC cited are serious but
probably not unique, according to scien-
tists both inside and outside TAMU. *If you
were to apply an equivalent level of
scrutiny at other institutions, | think yvou
would find issues of concern,” says TAMLU
microbiologist Vernon Tesh, one of four
lab leaders singled out for safety lapses in
CDC’s report. “You always have to have
safety in mind,” he added. “Having said
that, accidents happen” In a press confer-
ence last week, TAMU's interim president
Eddie Davis said that other “institutions
under that same level of review would
probably have findings that would be
reportable to the CDC.”

Since the CDC’s July inspection, the uni-
versity s vice president of research and over-
seer of biosafety compliance, Richard Ewing,
has resigned from his position and returned
to the mathematics department (Seience,
| 7 August, p. 879). Another biosafety offi-
cial, Brent Mattox, also left his post. Davis
declined to assign responsibility forthe lapses
orsay whether any employees would face dis-
ciplinary action. He praised Ewing for having
“been very loyal and competent.”

CDC has passed its report up the ranks
to its parent agency, the Department of
Health and Human Services, whose
inspector general’s otfice will consider
whether to levy fines of up to $500.000 for
each of the 12 violations. The Government
Accountability Office, Congress’s inves-
tigative arm, is looking beyond TAMU,
examining risks associated with the grow-
ing number of high-level biosafety labs.
The House Committee on Energy and
Commerce plans to hold a hearing on the
subject in early October.

Meanwhile. scientists wonder what
effect the TAMU findings
will have. “Biosafety is man-
dated by the public, or they're
not going to let us do this
research,” says Atlas,

*“This looks bad for all of
us,” says Philip Hauck, a
biosafety professional in New
York City. Abiding by the
guidelines is essential, he says.
But “people get blasé, [ hate to
say it. After a while as micro-
biologists, you’'re like, “This
thing never bit me." "

=]ENNIFER COUZIN

14 SEFTEMBER 2007



1488

EVERY YEAR, AFTER THE COLORS OF
autumn faded from the trees and left barren
branches to herald the winter, Herbert Kern
would feel his mental skies darken, As the
days shortencd, the middle-aged materials
rescarcher would retreat from almost all
social interaction. The routine was so
familiar to Kern's colleagues at Bell Labs in
Murray Hill, New Jersey. that they would not
expect much work from him during those
winter months in the 1970s. The seasonality
of Kern's depression was reflected in the
pocket notebooks in which he kept a log of
his lite, “During the rest of the year, 1 could
fill a notebook every 2 weeks; in the winter,
it would take months,” recalls Kern. Neither
the few approved antidepressants of the time
nor lithium injections did anything to help.
Then, in the late "70s, Kern learned about
research in animals showing that melatonin,
a hormone regulated by the light-dark cycle
of day and night, plays a role in controlling
seasonal behaviors such as mating. Wonder-
ing if the hormone had something to do with
his condition, he got in touch with psychia-
trist and melatonin specialist Alfred Lewy at
the Mational Institute of Mental Health
(NIMH) in Bethesda, Maryland, who was
wrapping up a study demonstrating that
exposure to bright light during the night sup-
pressed nighttime secretion of the hormone
in normal humans. When Kern sank into
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depression the following winter—in Decem-
ber 1980—Lewy's team exposed him to a
few hours of light in the dark momings and
evenings, trying to match the amount of nat-
ural light of a spring day. Afier a fow days of
the treatment, *“1 began to be bubbly again,”
says Kern, who later continued the regimen
athome. “It worked like magic.”

Kern’s case, and 3 vears of follow-up
work, led researchers to identify winter
depression as a psychiatric illness that subse-
quently came to be known as seasonal affec-
tive disorder. SAD has since been shown to
aftlict millions of people. primarily in the
northern latitudes, and a recent analysis by
the Amencan Psychiatric Association (APA)
in Arlington, Virginia, provided a strong
endorsement for light therapy as a treatment.
And yet it’s not settled how light, or other
interventions that target the circadian clock,
helps people with SAD.

SAD provides the strongest evidence to
date of a link between the biological
clock—the body’s 24-hour timekeeper—
and mental health, a proof of principle that
circadian rhythms that are out of syne could
underlie some mood disorders. But there is
increasing evidence that circadian distur-
bances are involved in other common men-
tal ailments such as bipolar disorder and
maore obscure ones such as a syndrome in
which people compulsively eat at night. In

Is Internal Tin 1
ey to Mental Healt
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recent years, psychiatrists working with
small groups of patients have shown that
correcting abnormal circadian rhythms—
through exposure to light, melatonin pills,
or even sleep deprivation—can help treat
some of these disorders and can also benefit
patients with neurodegenerative illnesses
such as Alzheimer’s. Some drug companies
are even taking heed. “The circadian model
is clearly beginning to bear fruit.” says
David Avery, a psychiatrist at the University
of Washington School of Medicine in Seat-
tle. 1t is logically getting extended beyond
SAD and should lead to better treatments
for a number of psychiatric disorders.”

The fog about light

When Kem contacted Lewy at NIMH, sci-
entists already knew that all mammals have
amaster clock in the brain’s suprachiasmatic
nucleus, which regulates the waxing and
waning concentration of numerous hor-
mones and proteins in the body over an
approximately 24-hour cycle. They also
knew that the rhythms of many of these body
chemicals—including melatonin, secreted
by the pineal gland during darkness—were
synchromized to the light-dark cycle of the
environment. Intreating Kern with light, the
MNIMH researchers—Iled by Lewy and his
senior colleague, Thomas Wehr—simply

simulated the earlier dawn and later dusk of
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spring, hoping that by shortening the dura-
tion of melatonin secretion, they'd lift Kern
out of his depression.

Although 1t worked-—and has since
proven effective in treating many other cases
of SAD—Wehr and Lewy formed different
opinions about light therapy’s mechanism.
Wehr grew convinced that the antidepressant
cffect was a result of the artificially length-
cned daytime, which led to less melatonin
secretion and presumably had downstream
cffects leading to an improvement in the
patient’s mood. Lewy instead came to believe
that the effect was due to the resetting of the
patient’s circadian clock, not the overall dura-
tion of melatonin production. In most SAD
patients, he argued, the depression was the
result of circadian clocks being out of sync
with respect to the sleep-wake cycle, like a
chronic form of jet lag. The theory has
become known as the phase-shift hypothesis.

Last year, researchers led by Lewy—who
has been at Oregon Health and Science Uni-
versity in Portland since 1981
presented the strongest evidence to
date for this theory. Rather than
using bnght lights to reset the cir-
cadian clock, Lewy and his col-
leagues gave SAD patients mela-
tonin pills. (The body’s melatonin
rhythm is tightly coupled to
rhythms of other hormones such as
cortisol and serotonin, and
researchers have established that
administering melatonin is a way
to shift all of those rhythms en
bloc. ) People normally start secret-
ing melatonin a couple of hours
before bedtime to prime the body
torsleep. so administering the hor-
mone in the afternoon should
advance a patient’s circadian clock
relative to his sleep-wake cycle. If
given in the moming, it should
have the opposite effect.

By making patients stick to
their regular sleep times, the
rescarchers ensured that their
sleep-wake cycle remained constant
throughout the study. After 3 weeks, they
found that SAD patients whose circadian
clocks normally lagged behind their sleep-
wake cycle did better when they received
afternoon melatonin and worse when they
wene given the hormone in the morning. The
treatments had the opposite effects on those
whose cycles were shifted the other way.
Lewy points out that the treatments increased
the duration of melatonin production, yet
patients improved when their cycles were
brought mto sync. “1f Tom [Wehr] was right,
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these people should have gotien worse,” he
says. Lewy notes that the melatonin results
are consistent with previous studies showing
that morning light i1s sigmficantly better at
treating SAD than evening light (which cor-
responds to there being a higher proportion
of phase-delayed rather than phase-advanced
individuals among SAD patients).

Wehr, who retired from NIMH in 2003
and is now a practicing psychiatrist in
Bethesda, Maryland, remains unconvinced.
He points to animal studics showing that
morning light brings about a quicker end to
melatonin secretion without really atfecting
the hormone’s onset time in the evening. It's
possible, he argues, that afternoon melatonin
led Lewy's patients to stop secreting the hor-
mone a lot earlier than normal the following
morning, in effect shortening the length of
their melatonin production. To settle the
question, Wehr says, researchers would need
to keep a continuous track of the patients’
24-hour melatonin protile.

Chronobiological Mood Disorder
SLEEP

PHASE DELAYED

PHASE .II:IIFA_HL'EIJ

Out of sync. Some researchers believe that misalignments between certain
circadian rhythms and the sleep-wake cycle may be a driver of mental illnesses.

Lewy's hypothesis does not rule out the
possibility that additional mechanisms are
involved in light's antidepressant action,
Some studies have shown, for example, that
exposure to sunlight can increase brain levels
of serotonin—a neurotransmitter associated
with well-being—and Lewy says it’s possible
that serotonin is related to circadian align-
ment, To get a full mechanistic account of the
clocks role in mental health, researchers still
need to understand what cellular events are
triggercd when out-of-syne rhythms are
snapped back into phase with each other, and

NEWSFOCUS I

by the same token, what happens n the brain
when rhythms go awry—as they do even in
healthy individuals who are jet-lagged.

Beyond SAD

A better understanding of these mechanisms
could shed light on disorders beyvond SAD, for
abnormal circadian rhythms are tuming out to
be a factor in a number of other mental 1ll-
nesses. Two years ago, in Clhranobiolagy
International, Vishwajit Nimgaonkar and his
collcagues at the University of Pittsburgh
Medical Center in Pennsylvania reported that
among 75 patients with bipolar disorder, inter-
nal biological clocks—as measured by a ques-
tionnaire probing activity and sleep pat-
terns—tended to be disturbed in comparison
to those of a set of normal individuals.

And in two ongoing studies, researchers
led by Anna Wirz-Justice of the Centre for
Chronobiology at the Psychiatric University
Clinic in Basel, Switzerland. are finding
abnormal circadian rhythms in schizophrenic
patients and in patients with
borderline personality disorder.
(The preliminary results from the
studies were presented at the
annual meeting of the Society for
Light Treatment and Biological
Rhythms in Copenhagen, Den-
mark, in June.) Also this summer,
at a meeting on biological clocks
and rhythms at Cold Spring
Harbor Laboratory in New York
state, psychiatrist Namni Goel of
the University of Pennsylvania
reported that many 24-hour hor-
monal rhythms in patients with
night eating syndrome were either
advanced or delayed with respect
to the sleep-wake cvele.

Some researchers suspect that
defects in the gears of the body’s
biological clock, caused by
genetic mutations, will be shown
to play a role in mental health
problems. They point to studies
such as one reported last year by
Colleen McClung and her colleagues at the
University of Texas Southwestern Medical
Centerin Dallas. The researchers created mice
missing the Clock gene—which encodes a
key protein in the machinery of the circadian
system—and found that the amimals showed
manic behaviors, becoming hyperactive and
keener to take risks. Expressing the CLOCK
protein in the animals’ midbrains restored
behavior of the mutant mice to normal,
McClung and her colleagues further reported
inthe 10 April issue of the Proceedings of the
Narional Academy of Sciences this vear,
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If disrupted circadian rhythms contribute
to mental illnesses other than SAD, those
conditions could also benefit from light ther-
apy. Indeed. researchers have begun testing
this idea in small groups of patients, and they
say the results look promusing.

Mearly 200 people with Alzheimer’s dis-
ease, spread across 10 homes for the elderly,
are now helping researchers test whether light
therapy can alleviate some symptoms of the
tatal ncurodegenerative discase—one of
which is disturbed sleep-wake thythms.
Psychiatrist Eus J, W, van Someren of the
Metherdands Institute for Neuroscience in Ams-
terdam and his colleagues have installed bright
light fixtures in the lounges of six ofthe homes;
at the remaining sites, they installed similar but
fewer lights to set up the lighting equivalent of
a placebo. Van Someren says that the unpub-
lished preliminary results, based on more than
4 years of data, show that bright light improved

biking. Although how the technique works is
poorly understood psychiatrists routinely use
sleep deprivation to produce a rapid emotional
lift in deeply depressed patients, including
those hospitalized atter a failed suicide attempt.

Benedetti and others have shown that this
dramatic effect, which invaniably vanishes
after a day, can be sustained for several weeks
by using light therapy to shift the patient’s
sleep-wake cycle in the days that follow. The
idea again is to bring the circadian rhythms
back in alignment. The rescarchers have
reported, in a study published in The Jownal
of Clinical Psvehiarry in 2005, that combin-
ing light therapy with initial sleep deprivation
can effectively treat bipolar patients. In a
more recent study involving 55 bipolar
patients, presented at the Cold Spring Harbor
meeting by University of California, Irvine,
psychiatrist Joseph Wu, those who received a
treatment package including antidepressant

k

Dispelling gloom. Psychiatrist Alfred Lewy wants to understand why light therapy (being set up, abovel

works in patients with seasonal affective disorder.

the sleep-wake rhythms of patients. He claims
the data also show that 1t slowed their cognitive
decline, hinting that the disturbed circadian
rhythms were a partial cause.

Light and melatonin are not the only inter-
ventions that researchers are using in their
attempts to treat mental disorders by tinkenng
with the circadian clock. Francesco Benedett,
a psychiatrist at the San Raffacle Scientific
Institute in Milan, ltaly, has spent the last
decade studying the antidepressant effects of
total sleep deprivation—a strategy discovered
by chance in the 1960s when German clini-
cians observed significant improvement in a
depressed patient who had spent the night
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medication, light therapy, and sleep-wake
adjustment following total sleep deprivation
did significantly better than those who only
received medication,

Witch healers?

Such studies seem to be making an impres-
sion on the broader psychiatric community.
In 2005, a group set up by APA to examine the
efficacy of light therapy concluded from a
meta-analysis of published literature that the
treatment significantly reduced depression
symptoms in SAD, as well as in other mood
disorders. The group, led by psychiatrist
Robert Golden, now at the University of

Wisconsin School of Medicine and Public
Health in Madison, declared in April 2005 in
The American Jowrnal of Psveliany that “the
eftects of light therapy are comparable to
those found in many antidepressant pharma-
cotherapy trials.” However, the authors
lamented the relatively small number of stud-
ics that met their criteria for the analysis
only 20 out of a total of 173 that were initially
identificd—and they noted that “additional
randomized controlled trials with appropri-
ate numbers of subjects are needed.”

Until even a few years ago, “people looked
at us as iff we were some kind of strange witch
healers,” says Benedetti, who began combin-
ing light therapy with sleep deprivation in the
1980s. 5till, with recent data showing that
drugs do not significantly help up to 40% of
patients with mood disorders, he says. “there
is & growing interest in chronobiological
methods of treatment.”

Unfortunately, propenents of such methods
say, funding has been hard to come by, in part
because of the perception that effective anti-
depressants are available. Michael Terman, a
psychiatrist at Columbia University, recalls
that one grant application turned down by the
Mational Institutes of Health contained this
comment: “Why do we need a new antidepres-
sant modality when we already know that
drugs work?” The proposed work, a random-
ized trial testing light therapy in pregnant
women with depression, is now being funded
by the Swiss National Science Foundation,

“The pharma-driven model is so strong
that it is difficult to win support tor studying
anything that does not involve drugs,” says
Wirz-Justice.

Monetheless, the French pharma comparny
Servier has patented a melatonin agonist called
agomelatine that is now undergoing clinical
trials in Evrope and in the United States as a
treatment for depression. Merck has also setup
a research group to look into the circadian
basis of mood and sleep disorders in hopes of
developing more effective drugs. “As therapies
go. it would be far easier to pop a pill than
carry around a fluorescent bulb,” says
Anthony Gotter, a member of the group.

Kern, who is now practically blind from
macular degeneration, would welcome a pill
substitute, He says that light therapy became
less and less effective for him over the years as
his eyesight faded. “Now [ can hardly see, and
all hell has broken loose,” he says with surpris-
ing cheer in his voice. “l have had periods of
depression lasting over a year, and highs last-
ing as long. | think my clock is just running
freely, without any control by the environment.
I don’t know when ['m going to teel what.”

=YUDHIJIT BHATTACHAR]JEE
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Bumper crop. Oil palm fruit bunches
being moved by rail to the mill at
United Plantations.

ECOLOGY

Can Palm Oil Plantations

Come Clean?

Under fire for their poor environmental record, makers of the world’s top vegetable
oil are turning to scientists for advice on how to make their industry sustainable

TELUK INTAN, MALAYSIA—A canary -vel low
machine lumbers onto a fallow oil palm field
and, wath a roar of its motor, rips into a pile of
fronds and shavings of dead trunks. As planta-
tion operators and scientists observe the
mulching process, their guide, Cheriachangel
Mathews, a senior manager at United Planta-
tions' Jendarata Estate, warns that the group
has been infiltrated. “We have a journalist with
us,” he says. 1 want him and all of you to know
that nothing here—nothing—is wasted.”

Mathews has good reason to be concerned
about the take-home message. With prices
soaring, palm oil, Malaysias number-one
crop, has recently surpassed soybean as the
top-selling vegetable oil in the world. Oil
squeezed from palm fruit bunches is an ingre-
dient in mymiad products, from ice cream to
soap, and it is being touted as a biofuel that
can stem reliance on fossil fuels. But the
industry has been taking a mulching in the
press. Environmental groups have accused
plantations of razing forests to plant the lucra-
tive crop and slaughtering orangutans that pil-
fer and eat the fruit.

Hoping to turn over a new frond, the oil
palm industry is now endeavonng to demon-
strate its sustainability. It faces anuphill battle,
A just-completed review by three dozen aca-
demics details species declines pinned on the
oil palm, a native of West Africa that has
become a dominant feature of Southeast
Asia’s landscape. It is an “unavoidable fact
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that the replacement of diverse tropical forest
with an exotic monoculture significantly
impacts biodiversity,” states the Biodiversity
and Qil Palm Briefing Document. 1t will be
presented at a gathering in Movember of the
Roundtable on Sustainable Palm Oil (RSPO),
in which industry officials, scientists, and
other partics arc hammering out a voluntary
certification scheme for minimizing harm to
the environment.

Scientists and like-minded industry insid-
ers hoping to curb destructive growth may zet
help from the market. Rising palm oil prices
are strangling demand for palm as a biofuel,
Edgare Kerkwijk, managing director of the
BioX Group, a renewable-energy company in
Singapore. told the International Palm Oil
Congress in Kuala Lumpur late last month.
That’s bitter news for companies in Southeast
Asia that have been racing to ramp up capacity
to process palm into biodiesel. With crude
palm oil now topping $700 per ton, “we
believe that palm oil is not a long-term bio-
fuel,” Kerkwijk said.

The mdustry, nevertheless, is nding high.
According to the Food and Agriculture Orga-
nization of the United MNations (FAO), global
palm oil production last year was 37 million
tons, #5% from Indonesia and Malaysia.
Palm oil yields—2.8 tons per hectare, on
average—are seven times those of soybean
oil, according to FAO. Aiming for even
higher yvields, the Asiatic Centre for Genome
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Technology in Kuala Lumpur and Synthetic
Genomics, a company in Rockville, Mary-
land, founded by 1. Craig Venter, in July
announced a partmership to sequence and ana-
lyze the oil palm genome.

Higher vields are vital to an industry look-
ing to clean up its act. Seen from the air, penin-
sular Malaysia 15 a patchwork of settlements
and plantations interspersed with forest; in
2003, the peninsula had more than half of the
country’s 3.7 million hectares of oil palm.
Malaysian officials maintain that plantations
are now allowed to expand only onto existing
agricultural fields or degraded land. Indonesia
i5 a different story. There, renegade plantations
fuel expansion through timber sales. “At the
state level, there are no clear limits on planta-
tion growth.” says Reza Azmi, director of Wild
Asia, a company in Kuala Lumpur that is
advising plantations in both countries on how
to limit their environmental footprint.

RSPO was formed 5 years ago to turn the
positive environmental record of outfits such
as United Plantations into a competitive advan-
tage through the certification of “sustainable
palm o0il.” To bolster this effort, a network of
rescarchers drew on a wealth of data to assess
the impact of plantations on biodiversity.

An advanced draft of the document pro-
vided to Science paints a gnm picture. The
authors, led by Emily Fitzherbert of the Zoo-
logical Society of London, summarize
rescarch documenting shifts in biodiversity in
and around plantations. In Sumatra, for exam-
ple, less than 10% of birds and mammals found
in primary forests live in plantations, and more
than 75% of bat species were lost: in Thailand,
41 bird species were found in plantations, com-
pared to 108 species in nearby tropical forests.
“Plantations need to accept that oil palm is not
compatible with biodiversity,” says report co-
author Matthew Struebig of Queen Mary, Uni-
versity of London, U K. “Environmental
groups and scientists need to work with, not
against, the industry to help them minimize
this impact.”

The document delivers a clear bottom
line to RSPO: “The most immediate and
important action needed to prevent further
biodiversity loss is to ensure that oil palm
expansion does not contribute to deforesta-
tion.” The report also highlights how pro-
active management can reduce species
losses, for example by salvaging native
stands inside plantations. Wild Asia is work-
ing with plantations on plans to link frag-
ments into “natural corridors™ and set aside
50 of every 2000 hectares for forest regener-
ation. “Two years ago,” says Azmi, “this dis-
cussion would never have happened.”

—RICHARD STONE
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RESEARCH IN JAPAN

Big Winners, Big Expectations

Five groups have been awarded decade-long grants in a drive to win global attention

and draw international talent

TOKYO—Immunologist Shizuo Akira is indis-
putably at the top of his field. For 2 years run-
ning, the Osaka University professor has been
Thomson Scientitic’s “Hottest Rescarcher™
tor authoring the most highly cited papers in
his field. But Osaka has not won recognition
as a leading world center for immunology
research:; Akira fears the university may even
be in danger of falling behind. Advancing
technology “makes it very difficult for a sin-
gle laboratory™ to create an international
buzz he says: “What'’s needed is to accumu-
late a research team and get a big grant.”

He has just gotten a very big grant; Japan
hopes the mternational buzz will grow. Akira’s
center 15 one of five selected to receive in
the neighborhood of 512 million per year for
1 0 years under a World Premier Intemational
Research Center Imitiative sponsored by
Japan’s Ministry of Education. The grants,
which must be supplemented by the host insti-
tutions, are intended to take the winners to a
new level of global prommence through gen-
crous, discretionary funding and support for
internationalizing rescarch. Akira hopes to
lure leading Japanese and foreign immunolo-
eists to Osaka and, in particular, push into the
nascent field of in vivo imaging of the cell-cell
interactions that define immune response.

The grant program is an audacious bet by
Japan's Ministry of Finance, which is out to
make at least this handful of centers as widely

New Institute Name

Host Institution

recognized as the Massachusetts Institute of
Technology's Media Lab or the U.K.s Labo-
ratory of Molecular Biology in Cambnidge.
“It’s a visionary program,” says Matthew
Mason, director of the Robotics Institute at
Carnegie Mellon University in Pittsburgh,
Pennsylvania. Mason was one of six foreign
scientists on an international panel that
reviewed |3 short-listed applications. The
objective was to “pick groups already at the
peak [of their field] and give them support to
make them globally visible,” says Hiroshi
Ikukawa. who is heading development of the
program for the Ministry of Education.
Tohoku University in Sendai, for example,
proposed creating an atom-molecule-materials
center around its Institute for Materials
Research, which is already one of the world’s
most prolific material science groups. Yoshi-
nort Yamamoto, slated to direct the new center,
says they hope to take their work on bulk glass
materials to anew level by adding theonsts and
computational scientists. The University of
Tokyo is partly building on the breakthrough
studies of neutrinos done at its Super-
Kamiokande Neutnno Observatory with a new
Institute for the Physics and Mathematics of
the Universe. Hitoshi Murayama, a theoretical
physicist at the University of California,
Berkeley, says they will bring together experi-
mental observations, theory, and new mathe-
matical approaches “to try to understand such

Objective

Kyoto Institute for Integrated To understand and control chemical and
University Cell-Material Sciences physical processes at the cellular scale
Tohoku Research Center for Atom, To promate the development of new
University Molecule, Materials materials, particularly bulk glass
University Institute for the Physics and To study basic questions about the origin,
of Tokyo Mathematics of the Universe  composition, and fate of the universe
Osaka Immunelogy Frontier To merge imaging and immunology to
University Research Center study immune cell activity in vivo
National Institute International Center for To study and control materials

for Materials Science

Materials Nanoarchitectonics

at the nano scale

New horizons. Findings at the Super-Kamiokande Neutrino Observatory at the University of Tokyo (abovel
led to a grant for an international math and physics institute.
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basic questions as how the universe started and
where it's going.”

Global visibility has eluded Japan's univer-
sities and research institutes for a variety of
subtle reasons. Noro Nakatsuji. a cell biologist
at Kyoto University who will be heading its
new Institute for Integrated Cell-Matenal Sci-
ences, cites geographical solation and the lan-
guage barrier. So the initiative has set a target
for each center to have 10% to 20%% of its two
dozen or so principal investigators (P1s) and
30% of an expected 200 rescarch staff be non-
Japanese. And “naturally, English should be
the language of the centers.” says Nakatsuji.

Paul Weiss, a chemist at Pennsylvania
State University in State College, who will be
affiliated with the Tohoku center, says,
“Another [problem] is the hierarchy typical in
Japanese scientific institutions.” To counter
this, Weiss says, “we are making a concerted
effort to encourage creativity and independ-
eNCe among young scientists,”

And Masakazu Aono. director of the new
Center for Materials Manoarchitectonics at
the National Institute for Matenials Science
in Tsukuba, says that probably because of
rigid academic structures, “Japanese scien-
tists have not been good at interdisciplinary
collaboration.” His center will bring a range
of specialists together to study nanoscale
structures to create new types of alloys and
microclectronic devices as well as organic
and biological materials,

Weiss, for one, is envious. “Where can
we ask for resources in the ULS, to go after a
[0-plus=-vear problem? What mechanism
lets us put together a team of the top people
trom all over the world?™ he asks.

Still, some researchers are concerned about
the depth of commitment. “There is no tenure
[in this program],” notes Murayama, who will
head the new center at the University of Tokyo.
“So how do we make the jobs at this msttute
competitive” with the best permanent jobs
elsewhere? he asks. And there are questions
about the involvement of the non-Japanese Pls.
Most. including Weiss, will likely maintain
their current positions, devoting just a percent-
age of their efforts to the centers.

Program backers hope the part-time pres-
ence of leading foreigners plus full-time
Japanese scientists will attract younger
rescarchers of all nationalities on a full-time
basis. Kyoto'’s Nakatsuji says they have plans
tor “superpostdocs,” under which select
newly minted Ph.D.s could be given the
money to independently run a small group,
complete with technicians and graduate stu-
dents. Osaka's Akira hopes some of these
young scientists will become world leaders—
and stay in Japan. -DENNIS NORMILE
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TROFICAL DISEASES

Hunt for Dengue Vaccine Heats Up
As the Disease Burden Grows

As the number of cases reaches an all-time high, new techniques and an influx of
research funds could mean this long-neglected disease will finally have a vaccine

For decades, Duane Gubler and other
arbovirus experts have been warning about a
looming dengue crisis. But dengue fever,
transmitted most often by the bite of an
infected Aedes aegypri mosquito, was often
seen as an obscure, only occasionally fatal
discase of tropical countries, and progress
toward a vaccine and drugs to treat it has
been slow,

MNow, with cases exploding across South-
east Asia and the disease apparently becoming
more virulent and spreading into new geo-
graphic areas, vaccine research is taking on a
new urgency. “For 30 vears, we've been say-
ing a dengue vaccine might be available in the
next 10 vears,” says Gubler, a dengue expert at
the University of Hawaii, Manoa, in Hon-
olulu. “And now, fmally, it seems
we may be right about that.” Some
long-running research is finally
bearing fruit, says Gubler, and as
dengue captures global attention,
the pharmaceutical industry is
boosting investment in both tradi-
tional and novel vaccine tech-
nologies. The Bill and Melinda
Gates Foundation in Seattle,
Washington, has chipped in a
555 million, 5-year grant to set
the stage for phase 111 trials,
which will help speed candidate
vaccines to market.

A wvaccine can't come a
moment too soon. On average,
fewer than 300.000 cases of
dengue a year were reported to
the World Health Organization
{WHO) during the 1980s; since
2000, that number has exploded
to 925,000. Because surveillance
is poor, WHO estimates that the
true number of dengue cases tops
50 million annually, including
about 400,000 cases of dengue
hemorrhagic fever (DHF), a
severe and sometimes fatal form
of the discase. In Southeast Asia,
dengue is starting to rival malara
as a killer of children, and its eco-
nomic impact is already greater.
The spike in cases is driven by the
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collision of several trends, chief among them
rapid urbanization and to some extent
poverty. The warm, crowded cities of Latin
America and Asia provide an ideal habitat for
the main vector, A. aegypti, which breeds in
stagnant water and likes to feed on humans in
quick succession. Faced with record-setting
outbreaks this year in Southeast Asia, WHO
sounded the alarm on 23 July, calling on
countries to dramatically step up mosquito
control—for now, the only means of preven-
tion—and improve patient care. But to date,
most developing country governments have a
dismal record of mounting and sustaining
effective vector-conirol programs. This
means, Gubler says, “it’s going to continue to
get worse until we have a vaccine.”

hour. Periodic dengue

-~ outbreaks sudderly
overwhelm hospitals
with'patients, such as
these fn a makeshift
“tentoutside a Military
hopitalin indonesia.

A quadruple challenge

Dengue 15 caused by four closely related virl
serotypes—dengue | through dengue 4
which are single-stranded RNA viruses
spread primarily by the A. aegypti mosquito.
The disease in humans ranges from nuld to
mortal. A week or so after infection, the typi-
cal patient sufters a rapid onset of fever with
excruciating joint pain—dengue is called
“breakbone fever” in some regions—and
sometimes nausca and skin rashes. About
1% of cases progress to DHF, with internal
bleeding that can lead to shock and death,
although fluid replacement therapy usually
saves those hospitalized intime.

Once they recover, patients are immune
for life, but only to the dengue serotype that
infected them. For poorly understood rea-
sons, those subsequently infected with a sec-
ond serotype are at far greater risk of pro-
gressing to DHE. Studies show that more
than 90% of DHF patients had a previous
dengue infection.

And the odds of DHF are increasing. The
four serotypes used to be isolated geographi-
cally, making second infections rare. But, prob-
ably because of increased human maobility, now
all four viruses often circulate in a
region simultancously. What's
more, says John Ehrenberg, a
WHO adviser on vector-borne
diseases based in Manila, “the
virus has changed genetically over
the past 2 to 3 decades into more
pathogenic strains.” This makes
first infections more serious and
second infections even worse. “A
lot more cases are ending up in
hospital because of complica-
tions,” Ehrenberg says.

A shot in the dark

Since work began in the 1940s,
vaccine developers have tripped
over one stumbling block after
another. Early on, researchers
feared that someone vaccinated
against one type of dengue
might suffer the immune-
enhancement response leading
to DHF if later infected with a
different serotype. Avoiding this
response requires a tetravalent
vaccine that provides roughly
cqual and lasting protection to
all four dengue serotypes. But
decades of research have shown
that “it is hard to make a
tetravalent vaccine so [that]
there is simultancous immunity
against all four [viruses].” says
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Alan Barrett, a virologist at the University
of Texas Medical Branch in Galveston.
Ehrenberg adds that although other viruses
also have different serotypes. only dengue
provokes immune enhancement. Work has
also been stymied by the difficulty of
growing the virus in culture and by the lack
of an animal model. Monkeys infected
with dengue produce antibodies but don't
really suffer from discase, limiting their
cxperimental value.

Working separately. researchers at
Mahido! University in Bangkok and at the
Walter Reed Army Institute of Research
{ WRAIR) in Silver Spring, Maryland, were
the first to report in the 1990s significant
progress toward a tetravalent dengue vac-
cine. Both groups set their sights on a live
attenuated vaccine, in which a live virus is
weakened by repeated replication in a cell
culture. Both groups struggled to find the
right level of attenuation at which the virus
is strong enough to trigger an immunogenic
response but weakened enough so that it
cannot cause illness. Without an animal
model, the rescarchers had to develop tech-
niques, such as how the virus affected dif-
tferent cell cultures, by which to judge
attenuation. And they had to develop a dif-
ferent vaccine for each dengue scrotype,
test it in humans, combine them, and go
through human trials again.

By the carly 1990s, after more than a
decade of development, the Mahidol group
had combined attenuated stmins of dengue 1,
2, and 4 into a vaccine that “zot good results,”
says Sutee Yoksan, a virologist who heads
Mahidol’s Center for Vaccine Development.
But when they added their dengue 3 vaccine
to the cocktail, things went awry. Some vol-
unteers got sick from the dengue 3 compo-
nent, which also interfered with the produc-
tion of antibodies, leaving those inoculated
with little or no protection against the other
three serotypes. The vaccine was licensed to
what 15 now Sanofi Pasteur in Lyon, France,
where researchers tried genetically weaken-
ing the dengue 3 component. But trials of this
monovalent dengue 3 vaccine in 2002-2003
still sickened volunteers, and Sanofi Pasteur
has given up on the vaccine. In Bangkok,
Yoksan is still screening dengue 3 viruses for
another attenuation candidate. *1f we can
solve the dengue 3 problem, we will have a
good vaccine” he says—but he won't predict
how long itmight take.

The group at WRAIR also had trouble
with its dengue 3 virus but eventually attenu-
ated it. GlaxoSmithKline (GSK) has taken
over clinical development of the vaccine and
hopes to start a phase 11 field trial next year.

www.sciencemag.org SCIENCE VOL 317

Several thousand
people in vaccinated
and control groups
will be tracked for 1 to
2 years to compare
rates of infection.

Bruce Innis, a
(GSK physician and
virologist who previ-
ously worked on the
vaccine at WRAIR,
says that except for a
very limited trial in
the carly 1960s, this
will be the firsttime a
dengue vaccine will
be tested for actually
preventing illness, as
opposed to simply
measuring neutraliz-
ing antibody produc-
tion. With most dis-
eases. mice or mon-
keys can be challenged with infection to
determine the efficacy ofa candidate vaccine,
but that doesn’t work for dengue. In human
trials so far, researchers have inferred the
degree of efficacy by measuring the produc-
tion of neutralizing antibodies in response to
vaccination in human volunteers, “But we
don’t know how much antibody you need to
have in orderto conclude that someonce is pro-
tected,” says Innis. The GSK field trial will
provide the first data directly relating anti-
body production to disease protection.

Because of the slow progress with live
attenuated vaccines, researchers have been
working on alternatives. The furthest along is
a chimeric vaccine that uses a yellow fever
vaceine virus as a backbone but replaces sev-
eral key structural genes with dengue coun-
terparts. The technique was pioneered at
Saint Lowis University in Missouri, further
developed by the company Acambis in Cam-
bridge, Massachusetts, and Cambridge, UK.,
and finally licensed to Sanofi Pasteur, which
now has a tetravalent vaccine in phase Il clin-
ical trials in adults and children.

Rescarchers say there is merit in both
approaches. One advantage of chimeric vac-
cines, says Gubler, 15 that rescarchers can
genetically manipulate them to fine-tune the
degree of attenuation. A downside, adds
Innis, is that such recombinant vaccines have
just a few of the wild-type dengue genes,
whereas the live attenuated vaccines have all
L0 genes for cach component, possibly mak-
ing them more efficacious. “The real ques-
tion is “What works?" ™ says Barreti, who
expects some answers to come out of the
ongoing trials.

phase |l clinical trials

The Dengue Vaccine Pipeline

Mahidol University/Sanofi Pasteur: Live
attenuated vaccine; work halted after phase Il
clinical trials of a tetravalent vaccine

Walter Reed Army Institute of
Research/GlaxoSmithKline: Live attenuated
vaccing; tetravalent formulations in phase |l clinical trials

NEWSFOCUS I

Acambis/Sanofi Pasteur: Live chimeric vaccine with dengue genes
added to an attenuated yellow fever virus; tetravalent formulations in

U.S. National Institute of Allergy and Infectious Diseases: Live
chimeric vaccine with dengue-1, -2, and -3 genes added to an attenu-
ated dengue-4 virus; monovalent formulations in phase | and Il trials

U.5. Naval Medical Research Center: DNA vaccine based on
dengue genes; monovalent vaccine for dengue 1 in phase | trials

Hawaii Biotech: Subunit vaccine containing dengue viral proteins;
human trial now being planned

As these and other candidate dengue vac-
cines (see table, above) wend their way
through early-stage clinical trials, the Pedi-
atric Dengue Vaccine Initiative (PDVI) in
Seoul, South Korea, 15 using the Gates grant to
ready field sites for the large-scale phase 111
trials that will be needed to license a vaccine.
Even before tnals start, baseline data on field
trial sites are needed which require laborato-
ries and staffs conducting ongoing surveil-
lance of the dengue viruses in circulation and
collecting epidemiological data such as infec-
tion rates. All vaccines face this hurdle, but
dengue’s is a bit higher because rescarchers
must distinguish and track the four dengue
viruses. PDVI Director Harold Margolis says
“it will be difficult” to show efficacy against
all four serotypes with trials at just one site,
because one virus usually predominates in a
region. Trials may have to be done at multiple
sites, although researchers and regulators are
still pondering the best approach. PDV1 is also
working on standardizing laboratory diagnos-
tic protocols and clinical case definitions to
support clinical trials.

Gubler, who chairs PDV1'’s board of coun-
selors, says, “This saves the manutacturers a
lot of time and a lot of money [because] they
don’t have to develop these field sites them-
selves.” He believes this logistical help has
encouraged smaller firms with novel
approaches to take up the dengue vaccine
challenge and thinks it may shave 3 years off
development time, Now all they need are
some phase 111 candidates, which Gubler and
others predict should come along well within
the next 10 years,

—~DENNIS NORMILE
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Why Do Team-Authored Papers Get Cited More?

IN THEIR REPORT "THE INCREASING DOMINANCE OF TEAMS IN PRODUCTION OF KNOWL-
edge” (18 May, p. 1036), 5. Wuchty er ol observe that references with multiple authors receive
more citations than solo-authored ones. They conclude that research led by teams has more
quality than solo-led research, but inappropriate control of confounding (including confound-
ing by publication type) makes several alternative explanations plausible. The Institute for
Scientific Information (ISI) Web of Science database includes not only original research but
also editorials and letters to the editor (/). This kind of scientific literature is both more fre-
quently authored by just one or two researchers and less frequently cited. Sigmificantly. it would
also be consistent with the observed relationship between citations and actual team size,

More importantly, there are several ways a larger group of authors caninfluence the number
of citations of their common work, beyond the quality of the paper. We can think of a reference
by n authors as having n times more proponents than a solo-authored one. This would include
self-citations in other papers (as alrcady observed in the study), citations in other kinds of sci-
entific iterature, and an increased number of research groups being familiar with the article.
Moreover, scientific communication is not limited to journals, The longer the author list is, the
greater the probability of the paper being presented to several conferences is, especially if the
team is multidisciplinary,

Linking organizational features of rescarch with the quality of its output is of utmost impor-
tance, because it will eventually provide policy-makers and fund-
ing bodies with hard evidence for the prioritization of specific
features of research proposals. We should therefore be
extremely cautious when interpreting this kind of study.

JOSE M. VALDERAS

Mational Primary Care Research Develapment Center, University of
Manchester, Manchester M13 9PL, UK.

Reference
1. 151 Web of Knowledge {available at hitp.portal.
isiknowledge. cony'; accessed on 21 May 2007),

IN DEMONSTRATING THE INCREASING DOMI-
nance of teams in academic and patent pub-

lishing, Wuchty et al. use a circular argument
regarding scientific progress, defining impact
as “the number of citations each paper and
patent receives.” Technically speaking, the
number of citations reflects popularity, not
necessarily quality.

In academic publishing, authors clearly
copy the citations from other papers ([). The
resulting frequency dependence in citation
rate means that citations of a successful paper
increase geometrically, with crucial depend-
ence on initial conditions (2). An effective

strategy, therefore, is quite similar to product
marketing (3): Try to get noticed at the begin-
ning and then hope the process will take over
through frequency-dependent copying,
Co-authoring with a well-known researcher
clearly helps in this respect (4), but larger
teams also have an inherent advantage in their
ability to “seed” the process soon after publi-
cation through self-citation as well as citation
by a larger network of colleagues.

With copying underlying much of popular
cultural change (3). the real question is, how

PERSPECTIVES

does number of citations relate to quality? One
of the studies that Wuchty er al cite even
reports that “citations are not a reliable indica-
tor of scientific contribution at the level of the
individual article™ (6). With pop music, for
example. the opportunity to view (and copy)
other people’s choices leads to drift in the most
downloaded songs ( 7), such that popularity
and quality become decoupled. How can we
assume academic citation is so different?

R. ALEXANDER BENTLEY

Department of Anthropology, Durham University, Durham
DOHI 3HN, UK.
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WUCHTY ET AL. FOUND THAT FROM 1955 TO
2000, the relative citation rate for publications
with multiple authors increased across abroad
range of academic disciplines. The Relative
Team Impact (RTI) citation statistics pre-
sented in their Fig. 2. however, seem to
be for entire teams. Dividing by mean
team size shows thatrelative per capita
citation rate for teams fell by over a
third over this 45-year period, com-
pared to solo authors, for science and
social science. The only exception 1s
arts and humanities, where teams are
rare in any case. If citation rates meas-
ure performance, then on average,
rescarchers still perform better when
they work alone, The main payoff from join-
ing a team is mcreased odds of a very heavily
cited publication. RALF BUCKLEY

Schood of Environment, Griffith University, Gold Coast, Qid
9726, Australia,

WUCHTY ET AL EXAMINE THE GROWTH OF
collaborative research in a variety of scientific
fields and how it has affected the quality of
research. They found that research produced
collaboratively is of a higher quality, as meas-
ured by citations, than research reported in
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microbial activity

single-author articles. They argue that although
“the increasing capital intensity of rescarch
may have been a key force in laboratory sci-
ences where the growth in teamwork has been
intensive. .. itis unlikely to explain similar pat-
terns in mathematics, economics, and sociol-
ogy, where we found that growth rates in team
siee have been nearly as large™ (p. 1038). | offer
an explanation for the increase in collaborative
research in the social sciences (/). | argue that
we are seeing more collaborative work in the
social sciences because there are selection pres-
sures on those who do not collaborate. Given
that collaborative research is generally of a
higher quality, and careers in the sciences are
profoundly affected by the quality of one’s
research, scientists who are not prepared to col-
laborate are becoming a smaller portion of the

First light

from filaments

population of researchers, even in the social
sciences. Those who are unwilling or unable to
collaborate are being weeded out at a higher
rate than those willing and able to collaborate.
K. ERAD WRAY

Department of Philosophy, State University of New York,
Oswego, Oswego, NY 13126, USA.

Reference
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Response
BUILDING ON OUR FINDINGS THAT (1) SCIENCE
has made a nearly universal shift toward team-
work and (ii) highly cited research is now more
frequently produced by teams rather than solo
authors, the Letter writers maise questions
regarding mechanisms and interpretations.
One question is whether citation rates

reflect a paper’s quality. Valderas and Bentley
suggest that team-authored papers receive
more citations than solo-authored papers
because of a team advantage for self-
promotion. Although citations gained are hikely
a function ot both a paper’s scientific contribu-
tion and marketing, several reasons suggest that
self-promotion modestly affects citation rates
on balance,

First, our paper presented analysis with self-
citations included and with self-citations
removed (always excluding the editorials and
letters to the editor that concern Valderas). The
results change little when self-citations are
excluded, suggesting that the team citation
advantage holds even without self-promotion
Second, a self-promotion argument does not
explain the team citation advantage for patents,
where citation decisions are primarily made by
disinterested third-party experts (/). Third we
find that the team citation advantage over solo-
authored papers is growing over time for teams
of any fixed size, yet a self~promotion angu-
ment suggests a static team advantage, not an
increasing one. Fimally, Bentley cites Salgamk
ef al. (2) as evidence that “bad” songs (1.e., by
analogy. weak papers) can be turned into a hit
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through false buzz about the song, a process
that could be created in scientific circles
through self-promotion. However, Salgamk et
al. (2) demonstrate that this effect works only
on a song-by-song basis. When average effects
are examined, average populanity and average
quality are highly correlated. Owr measures of
average citations taken over large numbers of
papers would then appear to be a reasonable
measure of scientific influence.

More generally, we avoided the term
“quality” and used the broader constructs of
“impact”™ and “influence” to construe the
meaning of a paper’s citation rate. A paper that
is high “quality” by some standard ( functional
contribution, breadth of application, timeless-
ness, elegance, ete.) will typically have little
mmpact if'it is not cited.

Owr analysis focuses on impact at the paper
level. Buckley is interested in the impact of
ndividual authors. He attempts to infer individ-
ual impact from owr paper-level analysis, but
this inference is not possible without knowl-
edge of the amount of time each author con-
tributes per paper. His implicit assumption is
that a paper with N authors requires N times as
much collective effortas a solo-authored paper.

A more unexceptionable assumption may be
that multi-authored papers require less effort
per person, which would explain the prevalent
observation that people who tend to write in
teams tend to write more papers. With higher
rates of publication, team authorship may be
associated not just with more citations, but
more citations per unit of author’s time.
Nevertheless, assessment of the impact of indi-
vidual authors requires data on time inputs, an
important direction for future work.

Wray provides a possible interpretation for
why scientists work in teams. As we noted in
our paper, there are many possible mechanisms
behind the universal structural shift toward
teams in science, and we look forward to future
work that assesses and disentangles potential
CALSES,

STEFAN WUCHTY,!

BENJAMIN F. JONES, BRIAN UZZI2

"Northwestern Institute on Complesty (NICO), North-
western University, Evanston, IL 60208, USA. “Kellogg

School of Management, Northweste m University, Evanston,
IL 60208, U5A,
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Coral Reefs Still in Danger
from Tourism Head

AS A DIVER SINCE 1985 WITH OVER 500 DIVE
hours logged on tropical reefs and now a coral
reef conservationist working directly with the
marine tourism sector, | have to wonder if
Morman Kann is talking about the same dive
community | know (“A diver’s perspective on
coral damage.” Letters, 13 July, p. 196).

I"m not about to pretend that recreational
use and overuse ranks with climate change,
coastal development, and unsustainable and
destructive fishing practices as the most sig-
nificant global threats to coral health. And I've
had the honor to dive with stellar dive busi-
nesses who are ambassadors for sustainability.
But to suggest that the dive community as
a whole has had some sort of collective
epiphany around sustainable behavior and
best practices is just uninformed.

According to a 2002 report ({), marine
tounsm is a major factor contributing to reef
decline at no-take Marine Protected Areas
{MPAs) in Hawaii. In 2003, between 28.000
and 100,000 people per year visited just four
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sites, with diving and snorkeling being the
most popular marine recreation activity (7).
Tourism numbers have increased steadily over
the years. In 1999, tiny Honolua Bay on Maw
averaged 250 tourists per day and up to 700
per day dunng peak season (). This volume
has certainly increased. Research also shows
that 45% of certified SCUBA divers who visit
dive sites break coral colonies. Most of this
damage appears to be from fin kicks (4).
Finally, Karin points to Bonaire Marine
Park as evidence of diver awarencss, | agree
that Bonaire is spectacular and a model that
should be emulated and exported worldwide.
But to hold up the well-funded. relatively afflu-
ent, politically stable, and uncorrupt Mether-

maost coral reef destinations and MPA systems
is disingenuous, Most MPAs are not reaching
their conservation goals. Crushing poverty and

TECHNICAL COMMENT ABSTRACTS

CommenT oN “The Consensus Coding
Sequences of Human Breast and
Colorectal Cancers”

William F. Forrest and Guy Cavet

Sjablom et ol (Research Article, 13 Oclober 2006, p. 268)
used data from cancer genome resequencing to identify
genes with elevated mutation rates. Their analysis used
point probabilities when it should have used P values for
the hypotheses they intended to test. Reimplementing
their analysis method with exact P values results in far
fewer genes with mutation rates that achieve statistical
significance.,

Full text at weawsciencemang. org/egi/content/full/ 317758441
1500a

Comment on “The Consensus Coding
Sequences of Human Breast and
Colorectal Cancers”

Gad Getz, Holger Hifling, Jill P. Mesirov,
Todd R. Golub, Matthew Meyerson,
Robert Tibshirani, Eric 5. Lander

Sitblom et al, (Research Article, 13 October 2006, p, 268)
reported nearly 200 novel cancer genes said to have a 90%
probability of being involved in colon or breast cancer.
Howaever, thedr analysis raises two statistical concems, When
these concemns are addressed, few genes with significantly
elevated mutation rates remain. Although the biological
methodalogy in Sjablom ef ol 5 sound, more samples are
needed to achieve sufficient power.

Full teat at waw.sciencemag. org/coifcontentfull/ 317758447
1500b

CommenT oN “The Consensus Coding
Sequences of Human Breast and
Colorectal Cancers”

Alan F. Rubin and Phil Green

Sjdblom et ol (Research Article, 13 October 2006, p. 268)
reported many new genes with an apparent significant

lands Antilles as somehow representative of

competing resource use often derail the best
conservation efforts. Denial or special pleading
to displace tourism’s contnibution and responsi-
bility certainly doesn’t help.

RICK MACPHERSON

Program Director, Coral Reel Alliance (CORAL), 417 Mont-
gomery Street, Suite 205, 5an Francisco, CA 94104, USA
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excess of mutations in breast and colorectal cancer.
Reanalysts of their data with more appropriate statistical
methods and background mulation rate assumplions
reveals that few if any of these genes have significantly ele-
vated mutation rates,

Full text at wees, sciencemag.org/cgiicontentfull31 758447

1500

ResponsE To CommenTS on “The Con-
sensus Coding Sequences of Human
Breast and Colorectal Cancers”

Giovanni Parmigiani, [immy Lin, Simina M.
Boca, Tobias Sjoblom, Sidn Jones, Laura D.
Wood, D. Williams Parsons, Thomas Barber,
Phillip Buckhaults, Sanford D. Markowitz,
Ben Ho Park, Kurtis E. Bachman, Nickolas
Papadopoulos, Bert Vogelstein, Kenneth W.
Kinzler, Victor E. Velculescu

Forrest and Cavet, Getz et af., and Rubin and Green desc ribe
a variety of statistical methods to anakyze the mutational
data published in Sjiblom et af, However, their conclusions
are inaccurate because they are based on analyses that do
not fully take into account the experimental design and
ather critical features of our study. When these factors are
incorporated, their methods provide estimates similar to
these we reported and suppaort the conclusion that a large
number of genes are mutated at rates greater than the pas-
senger mutation rate.

Full text at www.scienceman.orgiogioontentJulli317¢
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Putting the Pieces Together

Alan C. Love

he completion of a jig-

saw puzzle brings tre-

mendous satisfaction;
however, a few missing picces
lead to considerable frustration.
Having the intended picture ofa
puzzle on the container con-
tributes to the satisfaction (or
the frustration). But what about
a puz#e where there is no mas-
ter picture to guide the recon-
struction? How do vou know if
you have all the pieces? And what if the con-
tours of some pieces are unclear, making it dif-
ticult to see how they fit together? Such is the

Prass, |

New view. iktaalik rosece (center),
fram the Devonian of the Canadian
Arctic, is a transitional species
between lobe-finned fish (lower
right) and tetrapods (upper left).

lot of biologists attempting to explain key evo-
lutionary transitions in the history of life.

Fins into Linbs 15 an exploration ofa long-
standing evolutionary purzle associated with
the origin of tetrapods and the vertebrate inva-
sion of land. Brian Hall has assembled a stel-
lar array of contributors from various fields

The reviewer is in the Department of Philosophy, University
of Minnesota, Minneapolis, MN 55455, USA. E-mail: aclove@
ummn.edu
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Fins into Limbs
Evolution, Development,
and Iransformation

by Brian K. Hall, Ed.

University of Chica
icann, ;
459 pp. $110, £69.50.
|SBMN 97802263 13368.
Paper, $45, £28.50.
|SBEMN 9780226313375,

that represent the picces neces-
sary for a solution. The volume
is handsomely executed and
also timely, It collects a diverse
body of recent research on fins
and limbs emerging from
evolutionary developmental
biology (evo-devo), functional
morphology, and paleontol-
ogy, all of which have trans-
tormed our conception of what
the fin-limb transition looked
like. Instead of a lobe-finned fish hauling
itself up onto the sand we have a much differ-
ent image of the evolutionary transformation

Limb

Fin with wrist

(7). Recent papers that could not be incorpo-
rated in the volume have revealed new transi-
tional fossils (2) and continued to augment
our understanding of the molecular genetic
mechanisms of limb development (3).

The volume’s first part, Evolution, provides
historical background onthe fin-to-limb puzde
and paired appendage locomotion, as well
as a phylogenetic context informed by pale-
ontology. The origin of the autopodium (hand/
foot)—encapsulated in Halls pithy slogan

“fins minus fin rays plus digits equal limbs™

is analyzed from an evo-devo perspective. In
the second part, Development., an overview of
fin and limb ontogeny 1s followed by treat-
ments of chondrogenesis, osteogenesis, apop-
tosis, joint formation, postmatal growth, and
regeneration. The third part, Transtormation,
addresses the subsequent tate of tetrapod limbs,
including the appendicular skeleton of amphib-
ians, digit and limb reduction in reptilians,
mammalian limb diversity, and skeletal adap-
tations for flight, digging, and swimming.
These later chapters are not picces of the puz-
zle themselves as much as investigations of
other evolutionary transitions of tetrapod
appendages relevant to understanding how the
different pieces fit together when explaining
the origin of innovations.

Although the lengths of the contributions
vary substantially, the more interesting vana-
tion lies in the styles they exhibit: anatomical,
functional morphological, and molecular
genetic. Very few chapters bring these consid-
erations together, and even the contrast among
cognate entries 15 striking. Chondrogenesis
and osteogenesis in fins are treated in terms of
histology, whereas the entry on limbs grants
priority to molecular genetics. The nfluence
of model organisms (zebrafish, chicken, and
mouse), chosen for different scientific puzzles
(such as 1solating key processes underlying
how an organism develops from embryo to
adult), is also apparent., My favorite was the
last chapter. by Matthew Vickaryous and
Wendy Olson. on the curiosity of sesamoids
and ossicles in the appendicular skeleton. The
combination of a topic nearly untouched by
other contnbutors and an explicit blending of
the ditferent styles makes it a gem.

Specialists will no doubt question particu-
lar interpretations within individual chapters,
but the book’s significance lies in the over-
arching outlook on the fins-into-limbs puzzle.
Attacking the thorny empirical and concep-
tual questions that compose this problem
requires multiple disciplinary approaches,
each with specialized concepts and methods.
Sometimes this introduces potential commu-
nication difficulties (e.g., the developmental
“mesomere” of vertebrate mesoderm and
anatomical “mesomeres” in pectoral fins),
and the substantial differences in terminology
are on full display. But do we have all the
disciplinary pieces to the puzzle? The volume
lacks discussions from evolutionary genetics
and (paleojecology, which encourages a com-
plaint that evolution plays second fiddle to
comparative development in it. Some might
disagree with claims about the evolutionary
process, such as patierns of genctic regulatory
elements pointing “to changes in a region-
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specific regulatory sequence as being the
mechanism for evolutionary change.” As the
editor acknowledges. this book is focused on
skeletal elements, which is his area of exper-
tise (). Thus, musculature, innervation, vascu-
lature, and other features are relegated to the
background although some of these missing
meces can be found elsewhere (3).

Knowing how the pieces fit together is a
more difficult question. The contnbutors make
little effort to integrate the research from dif-
terent approaches. One author notes that “the
challenge is to continually synthesize knowl-
edge gained from multiple perspectives into an
ever more refined understanding.” In some
cases, this synthesizing is studiously avoided,

and at other points, there 1s inadvertent stum-
bling over borrowed concepts. (An exception
15 Gunter Wagner and Hans Larsson’s discus-
sion of evolutionary novelties, with its explicit
fusion of anatomy, phylogeny, development,
and evolution.) But this is not the fault of the
editor or contnbutors. It is symptomatic of the
complex structure of biological knowledge.
Multidisciplinary research on evolutionary
problems may be essential, but the nature of its
composition and functioning remains clusive,
Fins into Limbs serves as a necessary ref-
erence and a worthy guide to future research
on this and other evolutionary transitions, It
tells us what we know, what we don’t know,
and what we'd really like to know, Thus it

BOOKS eTaL I

points us in the direction of which pieces are
required to solve the puzzle and reminds us
of the pressing need to figure out how they
all fit together.
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THE GONZO SCIENTIST
A Summer Camp for Grown-Ups

WHEN 1WAS 11 YEARS OLD, | went to summer camp for geeks. The goal
was to learn how to program computers, but more impartantly, | discow-
ered a new world of like-minded peaple. 5o | was thrilled to learn that
such summer camps aren 't just for kids any-
more. From the TED conference and the
Aspen |deas Festival to the Google Science
Foo Camp, there are now more grown-up
summer camps than you can shake a marsh-
mallow an a stick at. This summer, Science
sent me to investigate one of these: ideaCity in Toronto, Canada.
The event mostly focused on how scientific ideas can make the world

For afull account, sea
WS Cenc emag.org/seiexy
ponzoscientist

-

a better place. The list of 50 speakers reads like a Who's Who of science,

technology, and the arts. They included David Schurig,

the Duke University physicist who co-invented an

invisibility cloak last year; John Polanyi, Nobel

\ laureate and chemical kinetics pioneer; Frans

b ., de Waal, the Emory University ethologist who

is uncovering the biological roots of moral-

il inmen e o

ity; Etienne Baulieu, the inventar of the

ff\( &\7 marning-after pill; and even Brian Shuster,

e CEQ of redlightcenter.com—an online uni-

verse similar to Second Life but with cybersex

and virtual drugs. With such a diversity of

thinkers {not all academics) on the podium and in the audience, there

were plenty of productive, even amusing, interactions—and some sharp
disagreements.

During one session, | witnessed the verbal equivalent of a profes-
sional wrestling match between Richard Dawkins and the celebrity rabbi
Shmuley Boteach. Dawkins stepped into the ring first. The
wily Oxford professor of popular science may be 66
years old, but he can handle himself in a fight.

He's lean, fast on his feet, and he wears silky

suits that are hard to grip. His opening was by

the book, first maneuvering to put the fight

on his own terms. Scientific arguments will

get you nowhere in a God rumble unless you

can establish that science has something to
say about religious matters. A long and drcling
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mini-lecture on the anthropic principle did
the job. Then, to get at the throat, he made
a big flying leap: Scientific lows as we
understand them should apply to God. And
then came Dawkins's surprise
attack: To have created the
Earth, let alone the uni-

verse, God must be a

vastly more intelfigent

and complex being

than we are. Our own s
excellence in design

is already the vastly improbable result of natural ~ (
selection. Ergo, by the lows of probability, God ;
almast certainly doesn’t exist.

Abearded man swaggered onstage and the game was on. Rabbi
Shmuley deployed a fighting style perfected by "Rowdy” Roddy Piper, the
Canadian kilt-wearing wrestler. During Piper’s legendary feuds with Hulk
Hogan and Mr. T, he famously exclaimed, “Just when they think they got
answers, | change the questions!” And that’s just what the rabbi did. His
opening was actually a double atlack, starting with a classic Piper eye-
poke: Dawkins says that he has a problem with religion because it's not
true. He lives in England where they have a queen, but he hasn't attacked
the royal family. Is it true that some people are born more special than
athers? Then, taking advantage of the momentary distraction created by
this dubious statement, the rabbi followed with a savage foot stomp:
Dawkins is married, so presumably he believes in the institution of mar-
rigge. But is marriage a true institulion? According to evolution, love is a
trick played on the mind to ensure that you have sex and propagate the
species. Dawkins says he doesn't believe in love. And most evolutionary
biologists don 't either. There was a lot more on both sides.

Of course, the real show is always afterward, when the fight spills out
of the ring.

Ll
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To find out more and follow our intrepid reporter into a jungle of
space tourism, eco-warriors, robots, pandemics, and even belly
dancing, we invite you to turn ta the first installment af the Gonzo
Scientist, on opproximately monthly adventure chronicled at
www.sciencemag. org/cgi/content/full/317/5844/1495h.
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CLIMATE CHANGE

The Limits of Consensus

Michael Oppenheimer,'2* Brian C. 0'Neill ** Mort Webster,® Shardul Agrawala®

he Intergovernmental Panel on Cli-

mate Change (IPCC) has just deliv-

ered its Fourth Assessment Report
{AR4) since 1990, The IPCC was a bold
innovation when it was established, and
its accomplishments are singular (1, 2). It
was the conclusion in the IPCC First
Assessment Report that the world is likely
to see “a rate of increase of global mean
temperature during the next century ... that
is greater than seen over the past 10,000
years” (3) that proved influential in catalyz-
ing the negotiation of the United Nations
Framework Convention on Climate Change.
The conclusions of the Second Assessment
with regard to the human influence on
climate (4) marked a paradigm shift in the
policy debate that contributed to the negoti-
ation of the Kyoto Protocol. IPCC conclu-
sions from the Third, and now the Fourth,
assessments have further solidified consen-
sus behind the role of humans in changing
the earth’s chimate.

The emphasis on consensus in IPCC
reports, however, has put the spotlight on
expected outcomes, which then become
anchored via numerical estimates in the
minds of policy-makers, With the general
credibility of the science of climate change
established, it is now equally important that
policy-makers understand the more extreme
possibilities that consensus may exclude or
downplay (5).

For example, the Working Group |
(WG “Summary for Policymakers™ (SPM)
of AR4 anticipates a rise in sea level of
between 18 and 59 cm by the year 2100 (4),
a “model-based range” composed largely of
thermal expansion of oceans, melting of
nonpolar glaciers, and the gradual response
of ice sheets, The range does not include the
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potential for increasing contributions from
rapid dynamic processes in the Greenland
and West Antarctic ice sheets (WAIS),
which have already had a significant effect
on sea level over the past 15 years and could
eventually raise sea level by many meters,
Lacking such processes, models cannot
fully explain observations of recent sea-
level rise, and accordingly, projections
based on such models may seriously under-
state potential future increases. Although
the AR4 5PM recognizes the possibility of a

i o, W l‘f!

Not captured by ice-sheet models. (Top) The Larsen
B ice shelf along the Antarctic Peninsula on 31
January 2002. (Bottom) A large section has disinte-
grated, 5 March 2002. Glaciers behind the collapsed
section of the ice shelf subsequently accelerated their
discharge into the ocean, apparently because of the
loss of buttressing by the ice shelf. Meither rapid col-
lapse nor buttressing are captured by ice-sheet mod-
els, and both could substantially affect the rate of
future sea-level rise as larger ice shelves to the south
in West Antarctica warm (26).

\/

The establishment of consensus by the [PCC is
no longer as critical to governments as a full
exploration of uncertainty.

larger ice-shect contribution, its main
quantitative results indicate the opposite:
Uncertainty in sea-level rise 1s smaller, and
its upper bound is lower, for the 2Istcen-
tury than was indicated in the Third As-
sessment Report (7). On the related ques-
tion of sea-level rise beyond the 2 1st cen-
tury, whereas the Third Assessment’s SPM
provided a numerical estimate of a poten-
tial contribution from WAIS, the AR4 WG
SPM doesn't mention WAIS at all. This
omission presumably reflects a lack of con-
sensus arising from the inadequacy of ice-
sheet models for WAIS made so apparent
by recent observations.

Mevertheless, alternatives to model-based
approaches, such as empirical analysis and
expert elicitation, were available for explor-
g uncertanty in 2 Ist-century (&) and long-
term sea-level rise (9), respectively. Such
imformation certainly would have been
useful to policy-makers, particularly for
WAIS, which contains enough ice to raise
sea level by about 5 m,

Setting aside or minimizing the impor-
tance of key structural uncertaintics in
underlying processes is a frequent outcome
of the drive for consensus (3, /). For exam-
ple, ranges of projected warming and atmo-
spheric composition in AR4 include an
amplifying effect of interactions between
climate and the carbon eyvele. However, the
estimated uncertainty in this effect is based
largely on models that omit a number of
poorly understood processes (/1), such
as feedbacks on carbon contained in perma-
frost; changes in marine ecosystem struc-
ture; and responses to land-use history,
nuirient limitation, and air-pollution effects.
These models also share similar assump-
tions about the temperature sensitivity of
carbon fluxes from soils based on experi-
mental results that cannot be reliably scaled
to the ecosystem level (/2). A fuller ac-
counting of uncertainty would be more
appropriate.

Similarly, the narrowing of uncertainty
{relative to previous assessments) associated
with potential changes in the meridional
overturning circulation relies on agreement
across models, but the structural uncertainty
in all the models means that less may
be known than suggested by the numerical
estimates (/3).
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Like models of physical processes, con-
clusions drawn on the basis of socioeconomic
models may also be subject to premature con-
sensus. Estimates of the costs of mitigating
emissions come primarily from models that
omit endogenous technical change, a poorly
understood process. This omission could
cause a significant bias, not only in mitiga-
tion costs, but also in the stringency of near-
term mitigation that may be justified for a
given damage function or stabilization tar-
get (J4-16). Similarly, the conventional use
of the range of emissions described by the
IPCC Special Report on Emissions Scenarios
{SRES) marker scenarios as a key determi-
nant of uncertainty in projecting climate
change, sea-level rise, impacts, and mitiga-
tion costs may be misguided. The SRES sce-
narios were intended to be representative of
scenarios available in the literature at the
time they were produced, with no explicit
goal of spanning the full range of uncer-
tainty. The SRES assessment made no
attempt to judge whether emissions path-
ways outside the range it covers could plausi-
bly occur. In fact, pathways outside that
range were known at the time, and more
have been developed since the publication
of SRES (/7).

To be sure, the underlying IPCC chapters
do detail the limitations and uncertainties
associated with such conclusions. But the
caveats are often cryptic or lost entirely in the
highly influential SPMs. This inevitably leads
to an anchoring by both policy-makers and
scientists around any numerical estimates
that are reported in these summaries,

Ignoring the implications of structural
uncertainty in models of key aspects of the
climate system is reminiscent of the way
assessments treated the uncertainty in ozone
photochemical models. Projections of ozone
depletion were made from 1974 onward
based on improved understanding of gas-
phase chemistry (/&). Knowledge of strato-
spheric chemistry was then transformed by
the report in 19835 of Targe, scasonal Antarctic
depletion (the “ozone hole™); the validation in
1987 of its origin in halogen photochemistry;
and subsequent identification of depletion at
the mid-latitudes and in the Arctic (19, 20),
Various heterogencous chemical reactions,
discounted by most researchers years before
and absent from nearly all model simulations
(21), were shown to be the missing photo-
chemical processes required to explain
observed depletion, Their potential implica-
tions were of concern to some scientists (22),
but this structural uncertainty was generally
downplayed in assessments until the oxone
hole was reported.

Avoiding Premature Consensus

The IPCC has made progress over four
assessment cycles in its treatment of uncer-
tanties. However, this progress is limited and
uneven across its Working Groups. Several
additional modifications to the current prac-
tice could reduce the risk of ignoring or
underemphasizing critical uncertainties.

First, given the anchoring that inevitably
occurs around numerical values, the basis
for quantitative uncertainty estimates pro-
vided must be broadened to give observa-
tional, paleoclimatic, or theoretical evi-
dence of poorly understood phenomena
comparable weight with evidence from
numerical modeling. In areas in which
modeling evidence is sparse or lacking,
IPCC sometimes provides no uncertainty
estimate at all. In other areas, models are
used that have quantitatively similar struc-
tures, leading to artificially high confidence
in projections (e.g., in the sea-level, ocean-
circulation, and carbon-cycle examples
gbove). One possible improvement would
be tor the IPCC to fully include judgments
from expert elicitations (23), as Working
Group 11 has sometimes done. Beyond this,
increased transparency, including a thor-
ough narrative report on the range of views
expressed by panel members, emphasizing
areas of disagreement that arose during the
asscssment, would provide a more robust
cvaluation of risk (24). It would be critical
to include this information not only in the
chapters, but in the summaries for policy-
makers as well.

Second, IPCC should revise its procedure
for expert review to guard against overconfi-
dence. External reviewers should ferret out
differences between chapters or author sub-
groups, and a special team of authors could be
instructed to examine the treatment of unlikely
but plausible processes. perhaps in a separate
chapter. Integration of nisk assessment across
Working Groups in advance of drafting of the
Synthesis Report would highlight internal dis-
cussions and disagreements. At the end of an
assessment cycle, a small external team of
ombudsmen should review key problematic
issues (of a scientific nature) that may have
emerged from the report and should recom-
mend modifications of approaches for han-
dling these areas in subsequent reports.

Third, TPCC could also formalize a
process of continuous review of its structure
and procedures, A useful example is pro-
vided by the history of IPCC emissions sce-
nario development, which included a series
of reviews for production of the SAD0, 1892,
and SRES scenarios (25).

Fourth, and perhaps most important,

national governments now need to confront a
more fundamental question of how often they
need comprehensive assessments of climate
change. Addressing the special risks entailed n
particular aspects of the climate system. like
the ice sheets or carbon cycle, might be better
approached by imcreasing the number of con-
cise, highly focused special reports that can be
completed relatively quickly by smaller groups,
perhaps even by competing teams of experts.
At this juncture, full assessments emphasizing
consensus, which are a major drain on partici-
pants and a deflection from rescarch, may not
be needed more than once per decade.
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Square-Dancing Antibodies

Dennis R. Burton and lan A. Wilson

ntibodies are among nature’s most
Avcrs;lti]c molecules. The classic

Y-shaped molecules can recognize
cssentially any antigen by the vanable tips of
the Fab (fragment antigen binding) arms,
whereas the Fe (fragment crystallizable) stem
recognizes effector molecules that help elimi-
nate antigen (see the figure). The two Fab
arms are identical, allowing antibodies to bind
bivalently to repeating antigens on, for exam-
ple. microbial pathogens or tumor cells. This
arrangement enhances the affin-
ity of antibody for antigen and
allows antibodies to cross-link
antigen molecules under certain
conditions. ldentity of the Fab
arms is expected because an anti-
body 15 a tetramer of two identi-
cal dimers. However, on page
1554 in thas issue (/). van der
Neut Kolfschoten er al. show that one type
of antibody can exchange dimer partners,
generating a hybrid antibody that contains
two different Fab arms. Although this newly
formed antibody can only bind monova-
lently, even to a repeating antigen, it is capa-
ble of cross-linking two different antigens.
The consequences of such hybrid antibody
formation are very interesting, but with some
potentially serious ramifications,

The antibody molecule that exchanges Fab
arms is human immunoglobulin G4 (1gG4).
lg(s, the predominant antibody in the serum,
consists of four subclasses in humans. The
least abundant subclass is [gGa, which is pres-
ent in serum at a concentration of about 0.1 w
0.5 mg/ml {2). The [gGG subclasses differ most
in their Fe regions, and lgG4 notably has an Fo
that interacts poorly with effector systems of
the immune response, such as complement
and Fc receptors expressed by certaim white
blood cells. This property has made I1gG4 a
tavonte for therapeutic applications in which
antibody is required to bind to a target, but not
trigger effector activities.

Previously, it was noted that sera from
donors making 1gG4 antibodies to both house
dustmite and grass pollen can cross-link these
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two antigens, whereas sera from donors that
make antibodies to one antigen alone cannot
(3). Further, whereas most 1gG molecules pre-
cipitate antigens when mixed in the right pro-
portions, 1gG4 antibodies do not (4). Some
interesting hypotheses (5) were advanced to
interpret these data, but this new study con-
vincingly explains the behavior of 1gG4. In
particular, addition of a reducing agent, such
as reduced glutathione, promotes exchange of
Fab arms in wvitro for both polyclonal and

monoclonal

l204 antibodies

Antibody structure and, important-

Light chain - _#="Fab {includes _ Iy, this exchange
Heavy chain variable region) Sy occurs in vivo.
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Different B cells
produce different
antibodies

- of antibodies with

IgG4 repertoire formed

constantly changing arms

Antibody therapies need to take account of a
subclass of immunoglobulin G that can swap
subunits in vivo,

How then does this exchange of Fab arms
occur between lgG molecules? Dimenzation
of 1gG heavy chains is thought to be dnven by
the pairing of the third constant domain (C;,3)
ofcach heavy chain. This pairing is usually sta-
bilized further by interheavy chain disulfide
bridges some distance away in the hinge
region. InlgG4, the hinge region has theamino
acid sequence Cys-Pro-Ser-Cys, compared to
Cys-Pro-Pro-Cys in [gGl, and this difference
has been linked to a tendency of [gG4 to form
novel intrachain disulfides in the hinge region
rather than the standard interchain heavy chain
disulfide bonds (6-8). Surprisingly perhaps.
the present work suggests that these hinge dif-
ferences are not primarily responsible for the

Y
Y Y
Y Y
Y Y

octf
L

Therapy with new antibody i

Partners in arms. (Top} The Y-shaped structure of an IgG molecule is composed of two identical heawy (H)
chains and two identical light (L) chains, resulting in two identical antigen-binding sites at the tips of the Y.
However, an H-Lunit of one IgG4 molecule can exchange with that of another 1gG4 to produce a hybrid mol-
ecule with different antigen specificities. Because the Fc parts of two 1gG4 molecules are identical, their Fab
arms are effectively swapped. (Bottom) The exchange of Fab arms between 1gG4 molecules is dynamic. An
initially homogeneous IgG4 antibody, when administered to a human, will begin swapping arms. Partners

exchange constantly, as this "dance” progresses.

An insightful application of this Fab arm
exchange is illustrated in a monkey model of
the human autoimmune disease myasthenia
gravis. The disease presents as muscle weak-
ness associated with autoantibodies to
acetylcholine receptors (AChR) expressed
on muscle cells. van der Neut Kolfschoten er
al. show that a human lgG1 antibody to
AChR isolated from a patient with myasthe-
nia gravis induces disease symptoms in
monkeys presumably by cross-linking AChR
molecules. However, a human IgG4 anti-
body with identical binding properties to
ACNHE as the 1gGl antibody does not cause
disease. Furthermore, the lgG4 antibody
protects against lgGl-mediated discase
likely by displacing lgGl and binding
monovalently to AChR.

exchange of Fab arms but, instead, implicates
the (3 domains.

Sequence differences m the C,,3 domain of
lgG4 and 1gG1 are limited to four residues;
most notably, an arginine at position 409 at the
interface between C, 3 domains in 1gG4 is
replaced by a lysine in 1gGl, and this may be
crucial for Fab arm exchange. Although this
appears to be a rather conservative mutation,
arginine-to-lysine substitutions can have large
eftects on protein-protein interactions in other
systems (¥, 10), Clearly, further mutagenesis
studies are warranted to address this possibility.

What are the ramifications of Fab arm
exchange for antibody-mediated immu-
nity? lgGd is produced particularly in
response to high doses of protein antigen,
and there has been controversy over the abil-
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ity of 1gGd to dampen [gE responses when the
antigen is an allergen and also whether this
dampening eftect has clinical utility (5, 17).
Any effects are likely due to competition
between IgE and 1gG4 to bind antigen. but this
should now be considered in the light of the
findings of van der Neut Kolfschoten eral.
Several IgG4 molecules are in clinical use
or in clinical trials. In some instances, the
hinge region of 1gG4 has already been “stabi-
lized” by mutation to the lgG 1 Cys-Pro-Pro-
Cys sequence, and it is probable that Fab arm
exchange has been reduced or evenabrogated.

In other instances, a wild-type lgG4 molecule
may have been used, and the possibility that
Fab arm exchange could contribute to adverse
effects in [gG4 therapy (12, 13) should be
explored immediately.
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GEOCHEMISTRY

New Players in an Ancient Cycle

Bo Thamdrup

icroonzanisms such as cyanobacte-
Mria. sulfate reducers. and methane-

producing archaea can be traced
back to ~2.7 billion vears ago on the basis of
chemical biomarkers, microfossils, and stable
isotopes. Farther back in time, the evidence for
microbial metabolism resembles a puzzle in
which most pieces are missing. On page 1534
of this issue, Philippot et al. (1) present a new
piece: isotopic evidence for sulfur dispropor-
tionation, a little-explored metabolic process,
in a 3.5-billion-year-0ld marine deposit.

The geological record of stable sulfur iso-
topes holds vital clues about Earth’s history.
Sulfate-respiring bacteria and archaca in
marine sediments favor **S over S in their

The author is at the Mordic Center for Earth Evalution,
Institute of Biology, University of Southern Denmark, 5230
Odense M, Denmark. E-mail: bot@biology.sdu.dk

reduction of sulfate, yielding **S-depleted
hydrogen sulfide; this signal can be traced
back 2.5 to 2.7 billion yvears. Sulfate reducers
only discnminate the isotopes at sulfate con-
centrations above ~1 millimolar. The 1sotope
signal thus documents a sulfate-rich ocean (2).

The absence of this isotopic signal before
2.7 bullion years ago (3) could mean that sul-
fate levels were low or that sulfate reduction
had not yet evolved. In support of the former
explanation, Shen et al. (4) have reported evi-
dence that sulfate reducers existed 3.5 billion
years ago. The authors found ¥S-depleted sul-
fide associated with a barium sulfate bed from
North Pole, Western Australia.

The results of Shen er al (4) are one of the
two oldest reported datings of a specific
enerry metabolism. More recently. methano-
genesis was dated to the same age (5). Carbon
isotope analysis has provided evidence for

Isotope data from Australia provide evidence
for the existence of bacteria that used
elemental sulfur in metabolic processes
about 3.5 billion years ago.

biological carbon fixation by 3.8 billion vears
ago (), but carbon fixation may be linked
to different types of energy metabolism.
Philippot er al. have now repeated the sulfur
isotope analyses from North Pole with new
samples, finding slightly more *#S-depleted
sulfide than the previous study. They also
extended the analysis to ¥S, which gives
information about the sulfur source. The
results show that the simplest explanation is
not always the right one.

For elements with several stable iso-
topes such as sulfur, isotopic fractionation
in aqueous processes—including enzy-
matic ones—depends closely on the mass
differences between the isotopes; for
example, the fractionation between **S and
28 15 0.515 times that between ™S and *38
(7). In contrast to this mass-dependent
fractionation, atmospheric photochemical

5 H,50,
> H;5 50, Ultraviolet light 5335;' =0 A“? <0
50 H,50, | 1acooN/mesTRICTED BASIN v
33313 0 ;\_331‘: o ‘_l::j_._ﬂg_&nmd gu‘E-
345 depleted H,5 o o

L 1 o v . s ]
i —— g “
pris? E ] ———,
H:.rdrnthermal'.u_nt__f %mhm crust i m‘"‘tv—'ﬁ&' 345-depleted pyrite, FeS,

H,5, 50,77, 4335 ~ 0

The sulfur cycle at Neorth Pole according to (1). Atmospheric reactions of
sulfur gasses induce a mass-independent fractionation with positive s
anomalies (A¥S) in elemental sulfur (5% and negative anomalies in sulfuric
acid (H,SO,}. Sullur and sulfate are deposited in a shallow, sullate-rich basin.
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(Inset) Elemental sulfur is disproportionated by microbes, with mass-dependent
fractionation into *'S-depleted hydrogen sulfide and *'S-enriched sulfate.
Hydrogen sulfide precipitates as ¥'S-depleted pyrite on the surface of the crust,
whereas the sulfate is diluted into the large sulfate pool.
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reactions may result in mass-independent
fractionation. seen as deviations from the
fixed mass-dependent ratios.

Sulfur species from sediments older
than 2.5 billion vears exhibit large mass-
independent fractionations, which are not
tound in younger sediments. This indicates
that the early sulfur cycle was influenced
strongly by atmospheric reactions (7).
These reactions likely involved photolysis
of volcanogenic H,S and SO, by ultraviolet
radiation, leading to the deposition of cle-
mental sulfur with a positive **S anomaly
and sulfate with a negative **S anomaly
(see the figure) (8).

If the *S-depleted sulfur in pyrite from
Morth Pole were produced by sul fate reduc-
tion, it should carry the same slightly nega-
tive **S anomaly as the sulfate from which it
formed. Instead, the pyrite carries the posi-
tive **S anomaly predicted for atmospheri-

cally generated elemental sulfur. Only one
known abiotic or biological elemental-sul-
fur transformation generates a substantial
335 depletion at low temperature: the bacte-
rial disproportionation reaction

459+ 41 1,O— 3H, 5+ SO+ 2H".

Just three pure bacterial cultures that grow
by sulfur disproportionation are known (9,
{{h). These bacteria are the masters of simple
inorganic life. For example, Desulfocapsa
sulfoexigens needs only water, sulfur, CO,,
and inorganic nutricnts for growth (9). It
obtains energy from the hydrolysis of ele-
mental sulfur, thiosulfate, or sulfite and
grows anaerobically as long as the concentra-
tion of H.S produced is kept low (11).

The strict environmental requirements of
known sulfur-disproportionating bacteria—an
anoxic environment colder than ~40°C with
near neutral pH and low hydrogen sulfide con-
centrations { ¥}—may help w clarify divergent

PERSPECTIVES

interpretations of the North Pole paleoenviron-
ment( /2, 13). However, caution is needed with
such conjectures: This group of bacteria has
received so little attention that other species
with different environmental preferences may
have escaped the microbiologists” notice.

References

. P Philippoter al, Science 317, 1534 (2007).

. K. 5. Habicht et al,, Scierce 298, 2372 (2002),

D. E. Canfield, Malure 396, 450 (1958).

¥, Shen, R, Buick, D. E. Canfield, Nature 410, 77 (2001).

Y. Ueno of af., Nafure 440, 516 (2006),

. M. Schidlowski, Nofwre 333, 313 (1988).

. ). Famquhar, H. Bag, M. Thiemens, Science 289, 756 (20000

. ). Farguhar, B. A Wing, Earth Plan. Sl Left 213, 1(2003),

. K. Finster, W, Liesack, B. Thamdrup, Appl. Emviron.
Micrabigl, 64, 119 (1993},

. ALY Obraztsova, C. A Francis, B. M, Tebo, Geomicrabiod,
J-1%, 121 (2002).

. D.E. Canlield, B. Thamdrup, Science 266, 1973 (1994},

. R.Buitk, ). Dunlop, Sedimentology 37, 247 (19900,

. M. ). Yan Kranendank, Earth Sci. Rev. 74, 197 (2006},

- T IS PFRE

[y
(=]

LRE

10.11260cience. 1148137

COMPUTER SCIENCE

Cultural Modeling in Real Time

V. 8. Subrahmanian

everal recent examples
show the difficulties gov-
ernments and organiza-
tions have in predicting the
consequences of their actions.

In 2001, U.S. commanders were -~ o — : relevant data " Learn "determining conditions” i
unable to successfully negoti- o {?

ate deals with local tribesmen -Blog '

to prevent the escape of bin *Youlube

Laden, even though reports
indicate that they had excellent
intelligence on where he was.
The day after the United Nations
approved a resolution calling
tor the deployment of 17,300 peacckeepers
to Sudan, the Sudanese government launched
a major offensive m Darfur. In December
2006, an unexpectedly large group of protest-
ers in Kyrgy zstan marched against the deci-
sion by their government to enter a debt-
relief program under the auspices of the
World Bank.

Accurate forecasts depend critically upon
the ability to build behavioral models of the
people and groups involved. Social scientists

The authar i in the Computer Science Department and
the University of Maryland Institute for Advanced
Computer Studies, University of Maryland, College Park,
MD 20742, USA. E-mail: vs@cs.umd.eds
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have traditionally constructed cross-cultural
models by conducting either in-person or
written surveys ( [), or living with such groups
{2), and then hypothesizing and testing corre-
lations in collected data by means of various
statistical models (3). None of these strategies
will work in countries riddled with conflict
like Iraq and Sudan today. Old surveys are
likely to be outdated. Questionnaires and sur-
vey respondents may be influenced by the cli-
mate under which the survey is taken. In con-
flict situations, data must be gathered with
real-time methods. However, building behav-
ioral models in real time is particularly diffi-
cult (see the figure).

Computational social models may offer

Computer models are being developed that
can help policy-makers predict the behavior of
political, economic, and social groups.

LSER

Develop forecasts ———y

r

L =

Provide feedback +———

Building a real-time sociocultural model. Data gathered from many sources is sifted for relevant information. Modeling
software takes this information to extract “determinant conditions” or situations that could lead to possible actions of mem-
bers of a group. The models can forecast future actions and refine those forecasts with feedback from users.

the best solution in cases where conventional
data gathering is not possible. Tools such
as The Resource Description Framework
Extractor (T-REX) (4) use socio-cultural-
political-cconomic-religious (SCPER) vari-
ables provided by social scientists in conjunc-
tion with other data sources (c.g., surveys), if
available, and automatically extract relevant
data from news sources, blogs, newsgroups,
and wikis (i.c., collaboratively written infor-
mation shanng sites). Other efforts such as the
KEDS project {5) extract variables from spe-
cific news sources, The SCPER variables can
include financial activities, violent event
information, or political relationships, The
source data can be automatically analyzed to
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recognize spikes in such activities, providing
“early warnings™ of potential contlicts. Un-
like past methods. these methods do not
require previous knowledge of the groups
being investigated.

Past behavioral models [e.g., to forecast
turmoil in Indonesia (6)] were painstak-
ingly built by hand. Building behavioral
models in real-time from such data is a chal-
lenge that is only now being addressed by
software development,

Systems such as the Cultural Reasoning
Architecture (CARA) (4) can be used to study
the Janjaweed in Sudan (a militia of Arab
descent engaged in the systematic use of mass
rape and violent attacks against Muslims of
non-Arab descent in the Darfur region).
Data may include parameters that indicate
increases or decreases in these actions, In
another example, the probability of suicide
attacks by the Lebanese Shiite group Hez-
bollah when they are not engaged in rocket
attacks and car bombings depends upon
whether Hezbollah was using education and
propaganda as a major part of their strategy.
When they were, the probability of suicide
attacks was around 47%. but when they were
not, the probability shot up to 80%. This 1s one
example of a rule automatically discovered
by the CARA architecture (4) with the

“Minorities at Risk™ data set (7). The number
of possible determining conditions is enor-
mous, and a human analyst could easily miss
an interesting hypothesis. Moreover, because
programs like T-REX provide a flood of data
(45,000 pages per day). sophisticated algo-
rithms are needed. Classification algonthms
(&) to identify conditions that neatly sepamate
desirable situations from undesirable ones
{e.g.. violent actions versus more acceptable
forms of negotiation) offer an excellent start-
ing point, although substantial scaling to huge
data sets is requined.

We can use these methods to model terror
groups, political parties, U.S. allies, compa-
nies, or regulatory bodies. The final step is to
forecast how members of the modeled group
may act once a set of determining conditions
has been found. Even if we study just 1000
actions, there are 2™ possible sets of actions
that a group might take at just the next time
point. This corresponds to about 10F™ possi-
ble sets of actions. Current systems such asthe
stochastic modeling agents in the CARA (4)
architecture can estimate the £ most probable
sets of action the opponent might take in a
few minutes when 10°7 sets of actions are
involved. The ability to access real-time infor-
mation on these topics, to rapidly analyze the
possible actions that interested parties might

engage in. and to determine how best (e.g..
with methods of game theory) to respond, will
provide a key tactical advantage to organiza-
tions that are entering foreign cultures with
goals as diverse as stopping terrorism or
improving corporate profits.
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MICROBIOLOGY

Sizing Up the Uncultivated Majority

Marcel M. M. Kuypers

oupling the identity of microbes with

their activity in the environment re-

mains an important gap in our ability
to explore microbial ecology. The develop-
ment of techniques to quantify the metabolic
activity of single microbial cells has been espe-
cially challenging, mostly due to their small
size. Microbiologists are therefore excited
about a new high-resolution imaging method
called multi-isotope imaging mass spectro-
metry (MIMS) or nanoSIMS, which can help
decipher what individual microbes are “doing”
in the environment. On page 1563 ofthis issue
(1), Lechene and colleagues apply MIMS to
identify a symbiotic relationship between a
nitrogen-fixing bacterium and an ammal
hast. The technique is poised to reveal the meta-
bolic diversity of the planet’s microorganisms,

The author is at the Max Flanck Institute for Marine
Microbiology, Celsiusstrasse 1, D-28359 Bremen, Germany.
E-mail: mkuype rsg@mpi-bremean.de

99% of which has eluded cultivation (2).

MIMS can determine the chemical, radio-
isotopic, and stable-isotopic composition of
biological matenal down to the submicrome-
ter level (3-6). By exposing microbial com-
munities to substrates that have been labeled
with stable isotopes. MIMS-based imaging
allows visualization of metabolic activity in
single cells. Moreover, nutnient uptake rates
and fluxes can be quantified.

Lechene er al. used MIMS to quantify nitro-
gen (N,) fixation by individual bacteria that
inhabit the gills of the shipworm Lvrodus
pedicellatus. L. pedicellatus is a wood-cating
manine bivalve with little nitrogen in its diet and
must therefore rely on other nitrogen sources
(7). Previous studies reported N, fixation for
intact shipworms, as well as for pure cultures of
bacterial symbionts isolated from shipworm
zills (7, &), but neither the site of fixation nor
whether the fixed nitrogen is supplied to the
host could be determined. Lechene er al. grew

A new imaging technique allows the metabolic
activity of single microbial cells to be
gquantified in environmental samples.

shipworms in seawater containing nitrogen gas
enriched in the rare stable isotope "N and used
MIMS to measure '*N incorporation in sym-
bionts and shipworm tissue (see the figure).
The incorporation of *N was determined by
comparing the quantitative mass images of
2C1N- and CYN —produced by bombard-
ment of tissue with a cesium on beam—to
measure the increase in N/™N ratios relative
to the natural abundance ratio (0.00367).
Transmission electron microscopy of the same
shipworm gill tissue was used to identify bacte-
ria and host cells. The combined data provide
the first direct evidence for in situ N, fixation
by bacterial symbionts and demonstrate that
this nitrogen is used by the shipworm host.
Until the work of Lechene ¢t al,, it had not
been possible to quantify the incorporation of
nitrogen by individual N,-fixing microorgan-
isms or to map the fate of fixed nitrogen in the
microbial environment. Other methods cur-
rently used either do not provide single-cell
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Do bacteria in gills fix
nitrogen for the shipworm?

A new window on microbial activity. The incorporation of N stable isotope
into a mixed population of cells {animal cells and bacteria) is determined by
comparing two guantitative mass images (¥C*'N- and **C*N-) obtained by

resolution or, like micro-autoradiography,
require that microorganisms be fed radioac-
tive-labeled substrates (¥). The uptake of radi-
olabeled isotopes directly links individual
microbial cells to their activity in the environ-
ment. However, because this approach
requires radioactivity, its use is limited to ele-
ments that have a radioisotope with a suitable
half-life (=1 day; for example, "*C and *H) and
excludes the study of other elements such as
nitrogen. MIMS, on the other hand., can be
used to measure the distmbution of any smble
isotope as well as any radioisotope with a suit-
able half-life. Hence. the approach used by
Lechene ef al holds great promise for study-
ing symbiont-host interactions and microbial
activity in the environment.

Combining MIMS with fluorescence in
situ hybridization (FISH) is an cven more

Bacteriocyte containing
bacteria from shipworm
grown in 15N,

Cesium beam

Multi-isotope imaging
mass spectrometer

of the **N.

powerful technique for identifying and char-
acterizing single microbial cells. FISH uses
fluorescent-labeled probes that are specific o
the organism of interest and that bind to
the intracellular 165 ribosomal RNA (2).
Replacing fluorescent probes with isotopi-
cally labeled (stable or radicactive) or halo-
genated probes would allow individual cells o
be directly identified (by probe hybridization
to targets) by MIMS (/{7). The hybridization
procedure is essentially identical to that used
for FISH, and the same probes can be applied.
By combining this probing technique with
isotope labeling of substrate, one can assess
the metabolic activity of cells and simultane-
ously identify their phylogenetic characteris-
tics during a single MIMS scan. This ap-
proach links the identity of microbial cells to
their in situ activity. MIMS is truly an imaging

PERSPECTIVES

Bacteria fix Ny for host
shipwearm

multi-isotope imaging mass spectrometry (MIMS). The increase in NN ratios
relative to the natural abundance ratio can then be measured to identify the fate

breakthrough, whose application is only just
beginning to yield information once consid-
ercd inaccessible,
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ASTROMNOMY

From Darkness to Light

Volker Bromm

hat is the nature of the dark matter

that is believed to dominate the

structure of the universe at large
scales? How did the cosmic dark ages end
when the first stars lit up the universe again a
few hundred mullion years after the Big Bang?
These questions might be intimately related.
On page 1527 of this issue, Gao and Theuns (/)
present numerical simulations of cosmological
structure formation in the early universe. Their
simulations demonstrate how sensitively the
formation of the first stars depended on the
detailed propertics of the still mystenous dark
matter, The macrophysics of early star forma-
tion might thus hold important lessons for the
microphysics of exotic elementary particles.

The author is in the De partment of Astronomy, University
of Texas, Austin, TX 78712, USA. E-mail: vbromm@astro.
as.utexas.edu
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According to the standard model (2}, star
tormation in the early universe was very dif-
ferent from the present. Stars today form in
giant clouds of molecular gas and dust embed-
ded in the disks of large galaxies like our
Milky Way, whereas the first stars emerged
inside “minihalos.” agglomerates of primor-
dial gas and dark matter with a total mass ofa
million times that of the Sun.

Another difference arises from the imitial
absence of elements other than the hydrogen
and helium that were synthesized in the Big
Bang. Gas clouds today can efficiently cool
via radiation emitted by atoms, molecules, or
dust grains that contain heavy clements.
Because the primordial gas lacked those
coolants, it remained comparatively hot, For
gravity to overwhelm the higher thermal pres-
sure, the mass of the first stars must have been
larger as well. Numerical simulations have led

A supercomputer simulation shows that matter
in the early universe might have formed dense
filaments before collapsing into the first stars.

most researchers to believe that the first stars
were predominantly very massive, typically a
few hundred solar masses.

The emergence of the first stars fundamen-
tally changed the early universe at the end of
the cosmic dark ages (3). Owing to their high
mass, these stars were copious producers of
heavy chemical clements that were rapidly
dispersed by supernova explosions, They also
produced many ultraviolet photons that were
energetic enough to ionize hydrogen, the most
abundant element in the universe. Thus began
the extended process of what cosmologists
call “reionization”™ (see the figure), which
transformed the universe from a completely
cold and dark neutral state into the fully ion-
ized medium of today. Observations of the
polarization in the cosmic microwave back-
ground (CMB), due to the scattering of CMB
photons off free electrons, place constraints
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Cosmic renaissance. This supercomputer simulation shows a primordial star of 100 solar masses, formed inside a dark
matter minihalo and surrounded by a bubble of ionizing radiation (light blue}. The bubble is embedded in the stll-
neutral cosmic gas (weblike structure in shades of purple and yellow). This frame depicts the initial step in the process
of cosmic reiomzation.

on the onset of reionization. Measurements
made with the Wilkinson Microwave Aniso-
tropy Probe (WMAP) indicate that about 1084
of the total signal was likely produced by the
first stars ().

Our picture of how the first stars formed
and how they affected the evolution of the cos-
mos assumes that dark matter is made up of
weakly interacting massive particles (WIMPs).
Such particles are predicted by several theories
but are as yet undetected because they interact
with normal matter only via gravity and the
weak nuclear interaction. A plausible WIMP
candidate 15 the “neutralino,” the hightest
“superpartner” inmany supersymmetncal the-
ones (). Supersymmetry postulates that for
every known particle there 1s a superpartner,
thus effectively doubling the zoo of elemen-
tary particles. Most of these superparticles that
were produced briefly after the Big Bang are
unstable and have decayed. The lightest of
them, however, could not decay into any other
particle and thus would exist today.

The neutralino is expected to be rather
massive, having roughly the mass of a hun-
dred protons, and so it would move compara-
tively slowly (it would be “cold™). Such cold
dark matter (CDM) particles preserve any
density perturbations from the very early uni-

verse. Tosec this, consider the opposite case in
which the dark matter would be “hot.” corre-
sponding to very light particles. Streaming
velocities would then be very large, and such
hot dark matter could not be trapped in small
density condensations. The first structures to
form in the universe would then be large, mas-
sive systems, whereas in CDM models, small-
scale structures would survive and would be
the first to emerge.

CDM models predict that the first stars
formed in dark matter minihalos. In turn, the
evolution of the primordial gas falling into
these minihalos yields stars with roughly a
hundred times the mass of the Sun. Gao and
Theuns are now challenging this CDM-based
standard view, They consider a situation n
which the dark matter 15 shghtly less cold,
termed “warm dark matter” (WDM). WDM
maodels agree with CDM models on large
scales, but they lead to drastically different
predictions for the small scales that are rele-
vant for the formation of the first stars. In
the WDM scenario investigated by Gao and
Theuns, there are no minihalos that could host
the formation of the first stars; instead, the pri-
mordial gas would collapse first into massive
filamentary structures. The completely differ-
ent history experienced by the star-forming

as would likely result in stars with a
different dismibution of masses, pos-
sibly skewed toward somewhat less
massive stars. The simulations pre-
sented here cannot yet resolve the
tormation of the actual stars, render-
mg any conclusions about the precise
stellar masses tentanive.

How do we decide between the
CDM and WDM models? One way is
to compare the predicted strength of
the CMB polarization signal with the
WMAP measurement (6). If the sup-
pression of small-scale features in
WDM models is too severe to pro-
duce enough ionizing photons, such
scenarios can be excluded. A comple-
mentary strategy to empirically probe
the mass and mass distribution of the
first stars is to hunt locally for fossils
of the dark ages. low-mass stars in our
Milky Way that contain only a tiny
amount of heavy elements. These
would carry the imprint of the first
stars that produced those elements
with an abundance pattern that sensi-
tively depends on mass (7, §). Again,
the simulations are not yet detailed
enough to make predictions with the
required degree of precision, but the
game 1s clearly on now,

This new frontier of connections
between particle physics and the first stars
offers intriguing possibilities. If dark matter
particles could decay, or if they were concen-
trated so that annihilation reactions could
occur, then heating of the primordial gas
would result, with the potential to greatly
modify star formation (9, /). Cosmology has
a huge stake in the search for possible dark
matter candidates soon to be carried out at the
Large Hadron Collider at CERNM.
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Complexity of Coupled Human and

Natural Systems
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Integrated studies of coupled human and natural systems reveal new and complex patterns and
processes not evident when studied by sodal or natural scientists separately. Synthesis of six case
studies from around the world shows that couplings between human and natural systems vary
across space, time, and organizational units. They also exhibit nonlinear dynamics with thresholds,
reciprocal feedback loops, time lags, resilience, heterogeneity, and surprises. Furthermore, past
couplings have legacy effects on present conditions and future possibilities.

oupled human and natural systems are in-
‘ tegrated systems in which people interaci

with matural components. Although many
studies have examined human-nature interactions
{J-5), the complexity of coupled systems has not
been well understood (6, 7). The lack of progress is
largely dueto the traditional separation of ecologi-
cal and social sciences (). Although some scholars
have studied coupled systems as complex adaptive
systems (9, 10), most of the previous work has
been theoretical rather than empirical.

An increasing number of interdisciplinary
programs have been integrating ecological and
social sciences to study coupled human and nal-
ural sysiems (e.g., social-ecological systems and
human-environment sysiems). Here, we synthe-
size six case studies o demonstrate the approaches
used and resulis found (Fig. 1 and table S1).
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These studies are on five continents: the Kenyan
Highlands in Africa (Kenya): the Wolong Nature
Reserve for giant pandas in China (Wolong);
Central Puget Sound of Washington (Puget
Sound) and Northem Highland Lake Distret
of Wisconsin (Wisconsin) in the United States:
an area near Altamira, Stale of Para, Brazil
(Altamira); and Kristianstads Vattenrike of Swe-
den (Vattenriket) (Fig. 1). They include urban
{Puget Sound), semi-urban (Vattenriket), and
rural arcas (Allamira, Kenya, Wisconsin, and
Wolong), and they are in developed countries
(Puget Sound, Wisconsin, and Vattenriket) and
developing countries (Altamira, Kenya, and
Wolong). These studies are in different ecologi-
cal, sociocconomic, political, demographic, and
cullural settings, and they encompass a variety of
ccosysiem services and environmental problems
(table S1).

These studies share four major features, First,
they explicitly address complex interactions and
teedback between human and natural systems,
Unlike traditional ecological rescarch that ofien
excluded human impacts or social research that
wenerally ignored ccological effects, these studies
consider both ecological and human components
as well as their connections. Thus, they measure
not only ecological variables (e.g., landscape
patierns, wildlife habitat, and biodiversity) and
human variables (c.g., socioeconomic processes,
social networks, agents, and structures of mult-
level govemance) (1), but also vanables that
link natural and human components (e.g., fuel-
wood collection and use of ecosystem services),
Second, each study team is interd isciplinary, en-
gaging both ecological and social scientisis
around common questions. Third, these studies
integrate various tools and techniques from eco-
logical and social sciences as well as other dis-
ciplines such as remote sensing and geographic
information sciences for data collection, manage-
ment, analysis, modeling, and integration (//-/3)
(table 51}, Fourth, they are simultaneously context-
specific and longitudinal over perods of time

R A

long enough to elucidate temporal dynamics, As
such, these studies have offered unique inter-
disciplinary insights into complexities that cannot
be gained from ecological or social research alone.

Reciprocal Effects and Feedback Loops

In coupled human and natural systems, people
and nature interact reciprocally and form com-
plex feedback loops, Forexample, local residents
in Wolong use forests as fuelwood for cooking
and heating. As forests near houscholds were de-
pleted due to fuelwood collection { 16), local res-
idents had o collect fuelwood from arcas far
away (/7). Because these forests are bamboo
forcsis (habitat for the endangered giant panda)
and the bamboo in the forests is the staple food
for the panda, fuclwood collection has led to
substantial deterioration in forests and panda
habitat (/6). To prevent further degradation and
restore panda habitat, the Chinese govemment
began to implement three major conservation
policies several years ago, which help both local
residents and panda habital In Kenya, local
residents convert forests into cropland and inten-
sively cultivate land without supplying additional
nutrients, in some cases for more than 100 years.
Soil degradation with the resulting decreases in
crop yields and greater food insecurity hastens
conversion of remaining forests to agriculiure.
Similarly, in Altamira, 255.739 hectares (ha) of
forests had been converted into pasture and
cropland as of 2003, As soil quality declines,
fertilizers must be applied, crops are shifted to
those with lower nutrient requircments, or more
forests are converted into cropland (there were
still 136,913 ha of forested area in 2003).

Feedback between human and nawral sys-
tems in the agriculiural and toursm sectors of
developed countries s in many ways similar o
fecdback in developing countries. For example,
local people (76,000 in 2005) in Vattenriket ben-
efit from ccosystem services that are the result of
long-term human management of the agricu liural
landscape. In Wisconsin, ccosysicm conditions
aftect towrism, which is the mainstay of the econ-
omy, butl economic development and ecosystem
exploitation from tourism oficn degrade the qual-
itics that attract tourists.

The ecological and sociocconomic patiemns
and processes in urban coupled systems are dif-
ferent from those in rural areas. They are me-
diated by factors such as the wban form, built
infrastructure, and location and consumption pref
erences of heterogencous houscholds and busi-
nesses. For example, in Puget Sound, a distinctive
spatial heterogeneity can be observed across an
urban o rural pradient in relation to diverse
development pattems (/8). Land-cover changes
influence biophysical processes (c.g., waler puri-
fication) and stream biotic integrity (/5). Further-
maore, changes in land cover due to development
in wum affect land value and real estate markets, as
evidenced by values of real estate having up to a
6.5% premium associated with forest cover (19).
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Dynamics of hunan-nature systems arc in-
fluenced by many factors, including govemment
policies and contextual factors in which local
processes are shaped by larger-scale and ulti-
mately global-scale processes (20). Both markets
and govemance can cause decisions made in one
place to affect people and ecosystems far away,
For instance, economic opportunitics in citics
atracted many local residents from Wolong to
work in cities in the past several years, thus re-
ducing fuelwood collection and consumption.
Compared with the migrant workers in cities
from Wolong, however, more than a thousand
times more tourists from around the world in-
creased the demand for fuelwood through con-
suming local products, whose production may
require fuelwood and clectricity.

Nonlinearity and Thresholds

Mumerous relationships in coupled systems are
nonlinear, In Wisconsin, for instance, fallen trees
that provide critical fish habitat in lakes and
sireams drastically decrease when housing den-
sity exceeds about seven houses per kilometer of
shoreline (Fig. 2). Bird richness in the Pugel
Sound landscape with single-family housing and
fragments of native forest increases nonlinearly

with forest cover and peaks when 50 to 60% of
the land is forested (Fig. 3) (21).

Thresholds [transition points between alter-
nate states (22)) are common forms of nonlin-
carity. In Vattenriket, an intentional participatory
process mobilized stakeholders laying the ground-
work for a shift from conventional management
to adaptive co-management (23), Cultural values
and environmental concems prompted local stake-
holders to build new knowledge, develop new
visions and goals, and create new social networks,
The result of these communily activitics was a
new and more suitsble govemance system of
adaptive co-management of the landscape.

System behaviors shift from one state to an-
other over time (lemporal thresholds) and across
space (spatial thresholds). Altamira depicts a tem-
poral threshold, whereas Wolong demonstrates a
spatial threshold. Deforestation rates in Altamira
are high during the first 5 to 7 years of settlement
and then decrease rapidly. In Wolong, as the dis-
tance between locations of households and fuel-
wood collection siles increases, panda habitat
deercases, reaching a minimum at a distance of
approximately 1800 m (/7). When the distance
between houscholds and fuelwood supplies is
small, the total area for fuclwood collection is

Northern Highland Lake District

{Wisconsin)

@ Cenlered on Vilas County, Wisconsin, USA

@ 5,300 knv

@ 65,000 parmanent residants (2000)
@ 7,600 lakas and second-growth forest
@ Tounsm and forest products

small and thus panda habitat is better protected.
When the distance is large (= 1800 m), fuelwood
collection is scattered throughout a large region
and affected arcas can recover relatively quickly.
When the distance is approximately 1800 m, local
residents’ fuelwood demand is met by cutting
most available trees and causes more habitat loss

(I7.

Surprises

When complexity is not understood, people
may be surprised at the outcomes of human-
nature couplings. For example, smell {Osmerns
mardax) was mitially introduced o Wisconsin
as a prey species for game fish such as walleyes
(Stizostedion vitretan), bul smelt ate juvenile
walleyes leading to loss of walleve populations.
In Puget Sound, growth management policy
has caused wrban density Lo intensify inside the
urban growth boundary while unintentionally
facilitating spraw] outside the wrban growth
boundary.

Conservation policies can also generate un-
intended perverse results. In Wolong, for in-
stance, high-quality panda habitat degraded faster
after the area was established as a reserve than
before the reserve'’s creation (24). To prevent

Kristianstads Vattenrike (Vattenriket)

@ Scania county, south Sweden
@ 1,100 km®
@ 76,000 pecple (2005)

@ Wisconsin Department of Malural Rescurces, ,-'“" @ Semi-urban wetland and agricultural landscapas

lake associations, county government,
tribsal government

N

Cenftral Puget Sound Region
(Puget Sound)

@ Saoattle, Washington, USA

@ 16291 km*

@ 3.46 milion peopls (2005)

@ Overwhealmingly forest

@ Shifting from manufacturing base 1o

dominance by service and office industries

@ Puget Sound Regional Council, counties'
governmants, cities’ govarnments

@ Agriculture and well-geveloped tourist
and senvice industry

@ Diwversity of local groups, eco-musaum,
municipal and county governments,

Man-and-the-Biosphere fremework

Area near Altamira
(Altamira)

@ Pam, Brazil

@ 4,037 km?

@ 22,000 puople (2005)
@ Tropical moist forest
@ Agnculture

@ Federal government, 1
NGOs
/ \

Kenyan Highlands (Kenya)

@ Embu District in Eastern Province;
Vihiga Districl in Wesiern Province, Kenya
@ 729 km® in Embu, 563 km* in Vihiga
@ 278,196 people in Embu;
498,883 people in Vituga (19989)
@ Highlands altitude =1500 masl
@ Mainly agriculiure, some off-farm amploymeant
@ Provincial and national governments

Wolong Nature Reserve (Wolong)

@ Sichuan Province, southwastam China

@ 2,000 km®

@ »4,500 people (2005)

@ Bamboo forest, giant pandas, and
»6,000 other animals and plant species

@ Manly agriculture, some off-tarm employmant

@ Wolong Mature Reserve Administration,
provincial and national governments

[ =

==

Fig. 1. Map highlighting major attributes of the six coupled human and natural systems (lacation; spatial extent; population size; and ecological, economic, and
administrative attributes). To save space, short names within the parentheses represent the coupled systems. See table 51 for more detailed descriptions.
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types in oareas at lower eleva-
tions (1200 1o 3000 m) are
shaped by forest harvesting
three to nine decades ago. Intro-
duction of a keystone species
can restructure a fish population
for decades or longer, as has
been demonstrated in the Wis-
consin study arca which started
fish stocking in the 1930s
Long-term {up to 100 vears)
continuous cultivation in Kenya
has decreased crop vields, with
most of the degradation occur-
nng during the first 15 to 20
years after conversion from for-
est to agriculture. In Puget
2 Sound, landscape patterns are

3
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Fig. 2. The relationship between fish habitat (logs per kilometer) and
house density in the Northern Highland Lake District of Wisconsin,

United States. Imodified from (38), with permission]

further degradation, a natural forest conservation
program was infroduced in 2001 for local resi-
dents to monitor illegal harvesting. Unexpected-
ly, a large number of new houscholds formed in
2001 because many houscholds decided o split
into smaller ones to more effectively caplure
subsidies (20 to 25% of the average houschold
income) given to houscholds as part of the pro-
gram. The houschold proliferation and reduction
in houschold size (number of people in a house-
hold) increased demand for fuelwood and land
for house construction (25).

Some ccosystems can only be sustained
through human management practices, whereas
many conservation efforts preclude such human
interference, For example, the wetland site under
the Ramsar Convention (an interational treaty
for the conservation and sustainable use of wet-
lands) in Vatenriket was set aside for conserva-
tion purposes, but the wetland became overgrown
when grazing was halied. This unintended con-
sequence led to an understanding of grazing as
essential to maintaining this wetland system (23).

Legacy Effects and Time Lags
Legacy effects are impacts of prior human-nature
couplings on later condiions. Among the six
sites, legacies vary in duration from decades to
centurics. The shortest legacy is in Altamira, a
fronticr arca where the land tenure system im-
posed by the govemment in 1970 still shapes the
present spatial pattem of land-cover change,
human population distribution, and human
activities. The longest legacy is in Valtennket,
where the landscape has been affected by human
actions such as using wet grasslands over
hundreds of years.

Legacy durations in the other sites fall
somewhere in between. In Wolong, curment forest

www.sciencemag.orq  SCIENCE VOL 317

influenced by infrastructure built
decades or even a cenlury ago.

The ecological and socio-
economic impacts of human-
nature couplings may not be
immediately observable or pre-
dictable because of time lags
between the human-nature
interactions and the appearance of ecological
and socioeconomic consequences. In Kenya,
there is a time delay between investment in soil
improvement and increases in income. In
Vattenriket, the city of Kristianstad stopped
taking its drinking water from the Helged River
in the 1940s because untreated industnal and
houschold sewage had sccumu-
lated several decades earlier.
Disturbances to groundwaler

quality can take a long time b
appear “downstream”™ because as
groundwater movement be- E
tween adjacent lakes can take  E 301
centuries. In Puget Sound, eco- £ 25
logical effects of the Growth 4
Management Act adopted in 'g ag-
the Siate of Washington in @
1990 could not have been ob- B 157
served in less than § years (26). @
The length of lags attributa- =
ble to a single cause may vary 5

for different indicators; con-
versely, different causes may
become apparent over different
time periods for the same indi-
cator. The former can be seen in
Altamira, where changes in crop
prices quickly affect planting of
annuals but effects on planting
(or abandonment) of perennials (such as cocoa
and black pepper) often are delayed. As to the
latter situation, changes in the price of electricity
quickly affect panda habitat in Wolong because
of sharp changes in fuelwood demand, but
spacing of births within houscholds has a much
slower effect (27). Energy for cooking is needed
daily and fluctuations in the price for electricity
may quickly force local residents o use more

REVIEW I

fuclwood (thus destroying forests and panda
habitat), whereas 1t takes a longer time for chil-
dren to establish new houscholds that increase
demand for energy.

Resilience
Coupled systems have different degrees of
resilience —the capability to retain similar struc-
tures and functioning after disturbances for
continuous development (/0, 28, 2¥). Resilience
can be affected by many factors, In Wolong, for
example, larger arcas with fast-growing tree
species are more resilient to fuelwood collection
than are smaller areas with slower-growing trees.
In Kenya, remittances from relatives employed in
urban areas minimize food insecurity due to crop
failures caused by droughts and poor soil fertility.
Human intervention also plays a key role in
maintaining resilience. For instance, in Vattenri-
ket, sustaining the resilience of the wetland land-
scape requires grazing by catile and incentives to
make grazing economically viable. Partially be-
cause of the actions of environmentalists, Puget
Sound is still home to one of the last intact old-
growth forests in the United States despite rapid
urbanization. In Wisconsin, social-ecological
resilience comes from the good condition of
many ecosystens; the intention of Native Amer
icans to manage their lands and lakes sustainably;
the mosaic of trbal, private, and state ownership:
and innovations in ecosystem management by
various stakcholders (wribal povernments of
Native Americans, lake associations, formal

= i
Y Large forest )
a? reserves
: = B e 2
0.0 0.2 0.4 0.6 0.8 1.0 1.2

Proportion of forest within 1 km®

Fig. 3. Change in avian richness with progressively more forest
(less human settlement) in the human-influenced landscape in
Central Puget Sound region of Washington, United States. [modified
from (21), with permission]

research organizations, and nongovernment
organizations) (/2.

Heterogeneity

Human-nature couplings vary across space, lime,
and organizational units. The socioeconomic
differences among people in Wisconsin lead to
different choices and behaviors, which in wm
result in very different ecological outcomes than
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one would find were everyone to have the same
preferences for ecosystem services, In Altamira,
different settlement cohorts follow similar trajec-
tories of land use, but the magnitude of changes
in important varables like rates of deforestation
varies as a product of exogenous and endogenous
factors (e.g., local, regional, and global palitical
cconomy) (3. For the Kenyan highlands, it is
common o find families with soils of different
quality and as a result, different crop yields.

Coupled human-natural systems are nol
static; they change over time. Although the hu-
man population sizes have increased in all six
siudy siles over the past several decades, the
resultant ecological impacts have differed. In the
Kenya study arca, human population size has
doubled over the past 30 years, causing a marked
reduction in famm size. Smaller famm size has led
to growing maize during both rainy seasons to
meet family demand, but this practice has
accelerated the rate of soil degradation and in-
creased poverty, An increase in recreational land
use in Wisconsin led to a 4.6-fold increase in
housing density (from 3.7 to 17.2 units’km®)
from 1940 1o 2000. For Puget Sound, between
1991 and 1999 land area covered by develop-
ment increased by 620 km® (31.5% increase),
while forest cover declined by 714 km® [10.3%
decline (26)]. Temporal changes take place nol
only inside a coupled system, but also across its
boundaries. In Wolong, a rapidly increasing num-
ber of domestic and foreign tourists have made
the system much more tghtly coupled o the
national and global economy.

Spatial variations exist in all coupled systems.
Forexample, more fuclwood is collected in areas
of Wolong with easy access and lintle enforce-
ment than in forested arcas with more
challenging opography or strict enforcement. In
Watlenriket, habitals and management practices,
local stewardship associations, social networks,
and multilevel institutions vary across the land-
scape (/1). Landscape heterogeneity of Pugel
Sound increases with the degree of urbanization,
but differs substantially within the region
depending on whan land-use paitems, infra-
structure, and spatial distribution of activities
(/&) In Wisconsin, people have preferentially
settled around lower-clevation lakes. which tend
to have nverine inputs, low to moderate dis-
solved organic carbon, low to moderate nutrents,
and relatively diverse sport fish communities (37).
In Aliamira, fertile soils permit culiivation of
cocoa and sugar cane, whereas on poorer soils,
pasture and manioc cultivation are more commaon.

Conclusion and Outlook

Results such as those reviewed here benefit from
and help advance the integration of ecological
and social sciences. The approaches used and the

results from these studies can be applicd to many
other coupled systems at local, national, and
global levels. For instance, the finding that the
number of households increased faster than the
human population size in Wolong over the past
three decades has led 1o the discovery that this
trend is global and is particularly profound in
the 76 countries with biodiversity hotspots (25),
The Lake Futures Project ( 32) in Wisconsin was
a prototype used to develop approaches for the
Millennium Ecosystem Assessment scenarios
(33).

Comparison of these siudies provides impor-
tant insights into diverse complex characleristics
that cannot be observed in a single study. The
types of surpriscs found in the case studies differ,
although all of them originated from the inter-
actions between human and natural systems. All
six studies have demonsirated legacy effects, but
legacy durations varied from decades o centu-
ries. Because of the independent nature of these
studies, information from one study is not
necessarily available in or transferable o other
studies. To increase the extent of gencralizing
from case swdies, future research on coupled
systems must include not only separate site-
specific studies but also coordinated, long-term
comparative projects across multiple sites to cap-
ture a full spectrum of varations (/4, 34, 35),
Furthermore, all the studies in this review focus
on interactions within the system, rather than
interactions among different coupled systems. As
alobalization intensifies, there are more interac-
tions among even geographically distant systems
and across scales (36, 37). Thus, it is critical o
move beyond the existing approaches for study-
ing coupled systems, to develop more compre-
hensive portfolios, and to build an intemational
network for interdisciplinary research spanning
local, regional, national, and global levels,
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Production of Trout Offspring from
Triploid Salmon Parents

Tomoyuki Okutsu,® Shinya Shikina,® Megumi Kanno,! Yutaka Takeuchi,® Goro Yoshizaki'**

species has declined markedly, and several

species have become extinet or endangered.
Because cryopreservation of fish eggs is difficult
due to their large size and high fat content, we
investigated the polential of surrogate broodstock
technologies as a new method of genetic resource
preservation for fish. Surrogate broodstock tech-
nologies involve the transplantation of primordial
germ cells (PGCs) (1) or spermatogonia (2) from
a target fish species into a related species for
which rearing techniques are well developed. In
doing so, the recipient species can produce sperm
and eggs of the target species (3). Furthermonre,
because PGCs and spermatogonia are sufficiently
small for cryopreservation, animals can be gener-
ated via the transplantation of thawed PGCs or
spermatogonia into recipients, even if the target
species becomes extincl. In prior work, we dem-
onstrated that most spermatozoa produced by
xenogencic recipients are of recipient origing
few donor-derived spermatozoa are produced
{4). In addition, the production ofviable donor-
denved egps in xenogeneie recipients has not yet
been observed in any animal species to date. The
present study therefore attempted o produce
only donor-derived sperm and eggs by trans-

In recent decades, the number of salmonid

planting spermatogonia into sterile xenogeneic
recipients.

In this study, spermatogonia of prasa-Gifp
(where Gfp represents green fluorescent protein)
hemizygous (pyasa-Gip'-) and dominant orange-
colored mutant heterozygous [ORWwild hipe (W]
adult rinbow trout { Oncodiyvichs nockiss) were
intraperitoneally microinjecied into newly hatched
embryos of riploid stedle masu salmon (O masou).
Hybrids of these two species do not survive. His-
tological examination showed that, whercas the
testes of 2-year-old triploid salmon in the control
group (no tansplantation) were immature and con-
tained mostly spermatogonia, testes of recipients
appeared nomal (Fig. 1A) Ten of the 29 male tnp-
loid salmon recipients produced milt. Offspring
produced with milt from these 10 recipients and
wild-type trout eggs developed nommally (fig. S1
and table 51). Five F, progeny were collected from
each of the 10 recipients (n = 50) for species de-
termination using random amplified polymorphic
DNA (RAPD) mnalysis. All 50 specimens exhib-
iled the same DNA fingerprint pattems as rainbow
trout {fig. 52), indicating that male wriploid salmon
recipionts produced only donor-derived trout.

The ovaries of four of the eight female recip-
icnis contained vitellogenic oocyies at 17 months

Fig. 1. Development of donor-derived germ cells and F1 offspring generated from surrogate parents.
(A) Hematoxylin and eosin (H&E}-stained section of testes from an intact triploid salmon (top) and a
triploid salman recipient that received spermatogonial transplantation (bottom). Scale bars indicate 20

um. (B} Oocyte colony derived from donor trout spermatogonia in the ovary of triploid salmon recipient at

17 months after transplantation (bottom) and ovaries of intact triploid salmon (top) at the same age as the
recipient. (Insets) Fluorescent views. Scale bars, 5 mm. (C) Lateral view of orange-colored offspring (inset),
with a highly magnified image of a frame. Gfp was expressed in PGCs (asterisk). (D) Trout juveniles at &
months old generated from surrogate triploid salmon parents.
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post transplantation (Fig. 1B). All vitellogenic oo-
cytes exhibited donor-speci fic green fluonescence.
Ovaries of intact triploid salmon of the same age
contained no vitellogenic oocyites (Fig. 1B). When
recipients reached 2 1o 3 years of age, 5 of the 50
female tiploid salmon recipients ovulated cpgs
{table S2) that were then fertilized with milt har-
vested from the male wiploid salmon recipients.
Although developmental raes of the offspring var-
ied from one female broodstock to the next, the
hatching rate reached 89.5% (table 52). The ra-
tios of orange-colored rout 1o wild-ty pe rout and
of prasa-Gifp(+) to pvasa-Cifp{-) were both about
3:1 in the F, genemation (Fig, 1C and table S3).
These findings show Mendelian inheritance of
CORMWT and prasa-Gipl-, implying that the F; gen-
eration was produced from donor-derived sperm
and eggs. Resulling fry also developed normally
{Fig. 1D}, Restriction fragment length polymor-
phism (RFLP) analysis of mitochondrial DNA
revealed that all F; fish specimens examined
{s1= 18) carried trout mitochondria (fig. 53). Thus,
female triploid salmon recipients that received trout
spermatogonia produced only donor-derived trout
eges. In addition, RAPD analysis of total DNA
showed that the DNA fingerprinting pattem of the
F; peneration was the same as that of trout ( fig, 83).
Further, the F generation was fertile and could
produce normal F, trout. We therefore established
a surrogate broodstock technigue for salmonids in
which spematogonia can be transplanted into ster-
ile triploid xenogeneic recipionts o produce a next
generation consisting entirely of donor-derived fish.
We also confinmed that trout spermatogomia frozen
in a eryomedium had a high associated survival
rale (454%). Thus, by transplanting cryopreserved
spermatogonia into sierile xenogeneic recipients,
it is possible to generate individuals of an endan-

gered, and perhaps extinct, species,
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Checkers Is Solved

Jonathan Schaeffer,* Neil Burch, Yngvi Bjornsson,t Akihiro Kishimoto,{
Martin Miiller, Robert Lake, Paul Lu, Steve Sutphen

The game of checkers has roughly 500 billion billion possible positions (5 x 102%). The task of
solving the game, determining the final result in a game with no mistakes made by either player, is
daunting. Since 1989, almost continuously, dozens of computers have been working on solving
checkers, applying state-of-the-art artificial intelligence technigues to the proving process. This
paper announces that checkers is now solved: Perfect play by both sides leads to a draw. This is the
most challenging popular game to be solved to date, roughly one million times as complex as
Connect Four, Artificial intelligence technology has been used to generate strong heuristic-based
game-playing programs, such as Deep Blue for chess. Solving a game takes this to the next level by

replacing the heuristics with perfection.

the structure of a chess-playing program in

1950 (1), artificial intellipence researchers
have developed programs capable of challenging
and defeating the strongest human players in the
world. Superhuman-strength programs exist for
popular games such as chess [Deep Fritz (2)],
checkers [Chinook (3)], Othello [Logistello (#)],
and Scrabble [Maven (5)]. However strong these
programs are, they are not perfect Perfection
implics solving a game—determining the final
result (game-theoretic value) when neither player
makes a mistake. There are three levels of solving
a pame (A). For the lowest level, ultraweakly
solved, the perfect-play result, but not a strategy
for achieving that value, is known [eg., in Hex
the first player wins, but for large board sizes the
winning strategy is not known (7)), For weakly
solved games, both the result and a strategy for
achieving it from the start of the game are known
[eg, in Go Moku the first player wins and a
program can demonstrate the win (6]]. Strongly
solved games have the result computed for all
possible positions that can arise in the game [c.g.,
Awari (8)].

Checkers (8 = 8 draughits) is a popular game
enjoyed by millions of people worldwide, with
many annual toumaments and a serics of
competitions that determine the world champion.
There are numerous variants of the game played
around the world. The game that is popular in
Morth America and the (former) British Com-
monwealth has picces (checkers) moving for-
ward one square diagonally, kings moving
forward or backward one square diagonally, and
a forced-capture rule [see supporting online
material (SOM) text].

S mee Claude Shannon's semuinal paper on
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The effort to solve checkers began in 1989,
and the computations needed to achieve that
result have been munning almost continuously
since then. At the peak in 1992, more than 200
processors were devoted to the problem simulta-
neously, The end result is one of the longest
running computations completed to date.

With this paper, we announce that checkers
has been weakly solved. From the starting po-
sition (Fig, 1, top), we have a computational proot
that checkers is a draw. The proof consists of an
explicit strategy that never loses—the program
can achieve at least a draw against any opponent,
playing either the black or white pisces. That
checkers is a draw is not a surprise; grandmaster
players have conjectured this for decades.

The checkers result pushes the boundary of
artificial intelligence (Al). In the carly days of Al
research, the easiest path to achieving high
performance was believed to be emulating the
human approach. This was fraught with difficul-
ty, cspecially the problems of capturing and
encoding human knowledge. Human-like strat-
egies are not necessanly the best computational
stratcgics. Perhaps the biggest contribution of
applying Al technology to developing pame-
playing programs was the realization that a
scarch-intensive (“brute-force™) approach could
produce high-quality performance using minimal
application-dependent knowledge. Over the past
two decades, powerful search techniques have
been developed and successfully applied w
problems such as optimization, planning, and
bioinformatics. The checkers proof extends this
approach by developing a program that has little
need for application-dependent knowledge and is
almost completely reliant on search, With ad-
vanced Al algorithms and improved hardware
(faster processors, larger memories, and larger
disks), it has become possible 10 push the limits
on the type and size of problems that can be
solved. Even so, the checkers search space (5 #
10°") represents a daunting challenge for today's
technology.

Computer proofs in arcas other than games
have been done numerous times, Perhaps the

best known 1s the four-color theorem (¥). This
deceptively simple conjecture—that given an
arbitrary map with countries, you need at most
four different colors o guarantee that no two
adjoining countries have the same color—has
been extremely difficult to prove analytically. In
1976, a computational proof was demonstrated.
Despite the convincing result, some mathema-
ticians were skeptical, distrusting proofs that had
not been verified using human-derived theorems.
Although imporant components of the checkers
proof have been independently verfied, there
may be skeptics.

This article describes the background behind
the effort io solve checkers, the methods used for
achieving the result, an argument that the result is
correct, and the implications of this research. The
computer proof is online (10).

Background. The development of a strong
checkers program began in the 1 930s with Arhur
Samuel's pioncering work in machine leaming,
In 1963, his program played a match against a
capable player, winning a single game. This
result was heralded as a ifumph for the fledgling
ficld of AL Over time, the resull was exapger-
ated, resulting in claims that checkers was now
“solved” (3).

The Chinook project began in 1989 with the
goal of building a program capable of challeng-
ing the world checkers champion. In 1990,
Chinook eamed the right to play for the World
Championship. In 1992, World Champion Marion
Tinsley namowly defeated Chinook in the title
match. In the 1994 rematch, Tinsley withdrew
part way due to illness. He passed away eight
months later. By 1996 Chinook was much

13| 4] [15] |16

17) [18] 19 |2
21 [22] |23
35| [26] [7
20| [30] [31] [32
Fig. 1. Black to play and draw. (Top) Standard

starting board. (Bottom) Square numbers used
for move notation.
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stronger than all human players, and with faster
processors this gap has only grown (3).

Tinsley was the greatest checkers player that
ever lived, compiling an incredible record that
included only three losses in the period from
1950 to 1991, The unfinished Tinsley match lefl
the question unanswered as 10 who was the better
player. If checkers were a proven draw, then a
“perfect” Chinook would never lose. As great as
Tinsley was, he did occasionally make losing
oversights. Hence, solving checkers would once
and for all establish computers as better checkers
players than all (fallible) humans.

Numerous nontrivial games have been
solved, including Connect Four (6, /1), Qubic
{6), Go-Moku (6), Nine Men’s Mornis (/2), and
Awari (). The perfect-play result and a strategy
for achieving that result is known for these
games. How difficult is it to solve a game? There
are two dimensions o consider (6): (1) decision
complexity, the difficulty of making comect
move decisions, and (i) space complexity, the
size of the search space.

Checkers is considered to have high deci-
sion complexity (it requires extensive skill to
make strong move choices) and moderate
space complexity (5 = 10°") (Table 1). All the
games solved thus far have either low decision
complexity (Qubic and Go-Moku), low space
complexity (Nine Men’s Morris, size 10"

and Awari, size 10'%), or both (Connect Four,
size 10').

Solving checkers. Checkers represents the
most computationally challenging game solved
to date. The proof procedure has three algorithm/
data components (13): (i) Endgame databases
(backward search), Computations from the end
of the game back toward the darhng position
have resulted in a database of 3.9 = 10" positions
{all positions with <10 pieces on the board) for
which the game-theoretic value has been com-
puted (strongly solved). (i) Proof-tree manager
(forward search). This component maintains a
tree of the proof in progress (a sequence of moves
and their best responses), traverses it, and
generates positions that need to be explored 1o
further the proof’s progress. (iii) Proof solver
(forward search). Given a position to scarch by
the manager, this component uses two programs
to determine the value of the position. These
programs approach the task in different ways,
thus increasing the chances of oblaining a useful
result. Figure 2 shows the forward and backward
search interactions in the checkers search space.

In the manager, the proof tree can be hand-
seeded with an initial line of play. From the
literature ([4), a single “best” line of play was
identified and used to guide the initial foray of the
manager into the depths of the scarch tree.
Although not essential for the prool. this is an

24 24
23 23
£ 2
21 ]
20 20
Seeded Line 1% i
17 17
Stored Boundary
Relevant Search Space Number of
1 [T 10 Pieces

(i 'ﬂ i

|II‘| i ‘ ‘III Il Il'

|| (R ‘ |E|
Endgame Databases 'II I-IIIIIlIl ittt AR A i" 6
Al IIUII L |[| I 5
e
. 3
D | ¢
gV
]
Mumber of Positions (logarithmic)

Fig. 2. Forward and backward search. The number of pieces on the board are plotted (vertically) versus
the logarithm of the number of positions (Table 1). The shaded area shows the endgame database part of
the proof—i.e., all positions with <10 pieces. The inner oval area shows that only a portion of the search
space is relevant to the proof. Positions may be irrelevant because they are unreachable or are not
required for the proof. The small open circles indicate positions with more than 10 pieces for which a
value has been proven by a solver. The dotted line shows the boundary between the top of the proof tree
that the manager sees {and stores on disk) and the parts that are computed by the sobvers {and are not
saved in order to reduce disk storage needs). The solid seeded line shows a “best” sequence of moves.
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important performance enhancement. It allows
the proof process o immediately focus its work
on the parts of the search space that are likely 1o
be relevant. Without it, the manager may spend
unnecessary effort looking for an important line
o explore. The line leads from the start of the
game into the endgame databascs (Fig, 2),

Backward search. Positions at the end of the
game can be searched and their win/loss/drw
value determined. The technique is called retro-
grade analysis and has been successfully used for
many games. The algorithm works backward by
starting al the end of the game and working
toward the start. It mumerates all one-piece posi-
tions, detenmining their value (in this case, a trivial
win for the side with the piece). Next, all two-
piece positions are enumerated and analyzed. The
analysis for each position eventually leads o a
ong-picce position with a known value, or a re-
peated position (draw). Next, all the three-picce
positions are tackled, and so forth (SOM text). Owr
program has computed all the positions with <10
pieces on the board. The endgame databases are
crucial o solving checkers. The checkers forced-
capture rule quickly results in many pieces being
removed from the board, giving nse to a position
with <10 pieces—and a known value.

The databases contain the win/loss'draw resull
for a position, not the number of moves to a win/

Table 1. The number of positions in the game of
checkers. For example, the possible positions for
one piece include 32 squares for the Black king, 32
squares far the White king, 28 squares for a Black
checker, and 28 squares for a White checker, for a
total of 120 positions.

Pieces Number of positions

1 120
2 6,972
3 261,224
4 7.092,774
5 148,688,232
& 2,503,611,964
7 34,779,531,480
8 406,309,208,481
9 4,048,627,642,976
10 34,778,882,769,216
Total 1-10 39,271,258,813,439
11 259,669,578,902,016
12 1,695,618,078,654,976
13 9,726,900,031,328,256
14 49,134,911,067,979,776
15 218,511,510,918,189,056
16 B52,888,183,557,922,816
17 2,905,162,728,973,680,640
18 8,568,043,414,939,516,928
19 21,661,954,506,100,113,408
20 46,352,957,062,510,379,008
21 82,459,726,874,435,248,128
22 118,435,747,136,817,856,512
23 129,406,908,049,181,900,800
24 90,072,726,844,888,186,880
Total 1-24 500,995,484,682,338,672,639
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loss. Independent rescarch has discovered a 10-
picce daabase position requinng a 279-ply move
sequence to demonstrate a forced win (a ply is one
maove by one player) (/3). This is a conservative
bound: the win length has not been computed for
the more difficult {and more interesting) database
positions,

The complete 10-piece databases contain 39
trillion positions (Table 1), They are compressed
into 237 gigabytes, an average of 154 positions
per byte. A custom compression algorithm was
used that allows for rapid localized real-time
decompression (J4). This means that the back-
ward and forward search programs can guickly
extract information from the databases.

The first databases, construcied in 1989, were
for less than or equal to four pieces. In 1994,
Chinook used a subset of the eight-piece database
for the Tinsley match (3). By 1996, the eight-
picce database was completed, giving nse o
hope that checkers could be solved. However, the
problem was still too hard, and the effort came to
a halt. In 2001, computer capabilities had in-
creased substantially, and the effort was restarted.
It took 7 years (1989 to 1996) to compute the
onginal eight-picce databases: in 2001 it took
only a month. In 2005, the 10-piece database
computation finished. At this point, all computa-
tional resources were focused on the forward
search effort.

Forward search. Development of the for-
ward search program bepan in 2001, with the
production version up and running in 2004, The
forward search consists of two parts: the proof-
tree manager, which builds the proof by identify-

ing positions that need to be assessed, and the
proof’ solvers, which search individual positions.

The manager maintains the master copy of
the proof and uses the Proof Number scarch
algorithm (#) to identify a prioritized list of po-
sitions that need o be examined. Typically, sev-
eral hundred positions of interest are generated at
a time so as to keep multiple computers busy,
Owver the past year, we used an average of 50
computers simultaneously,

The solvers get a position to evaluate from the
manager. The result of a position evaluation can
be proven (win, loss, or draw), partially proven
(at least a draw, at most a draw), or heunste (an
estimate of how good or bad a position is),
Proven positions need no further work; partially
proven positions need additional work if the
manager determines that a proven value is
needed. If no proven information is available
then the solver retums a heuristic assessment of
the position. The manager uses this asscssment (o
prioritize which positions to consider next. The
manager updates the proof tree with the new
information, decides which positions need further
investigation, and generates new work to do. This
process is repeated until a proven result for the
game 15 detemined.

The solver uses two scarch programs o
evaluate a position. The first program (targeted
at 15 s but sometimes much longer) uses
Chinook to determine a heurstic value for the
position (alpha-beta search to nominal search
depths of 17 to 23 ply). Occasionally, this search
determines that the position is a proven win or
loss. Chinook was not designed to produce a

Table 2. Openings solved. Shown are the opening moves {using the standard square number scheme in
Fig. 1, bottom), the result, the number of positions given to the solvers, and the position farthest from the
start of the game that was searched (Max ply). The last two columns give the size and ply depth of the
pruned minimal proof tree. Note that the total does not match the sum of the 19 openings. The combined
tree has some duplicated nodes, which have been removed when reporting the total.

No. Opening Proof Searches Max ply Minimal size Max ply
1 09-13 22-17 13-22 Draw 736,984 56 275,097 55
2 09-13 21-17 05-09 Draw 1,987,856 154 684,403 85
3 09-13 22-18 10-15 Draw 715,280 103 265,745 58
4 09-13 23-18 05-09 Draw 671,948 119 274,376 94
5 09-13-23-19 11-16 Draw 964,193 85 358,544 71
& 09-13 24-19 11-15 Draw 554,265 53 212,217 49
7 09-13 24-20 11-15 Draw 1,058,328 59 339,562 58
B 09-14 23-18 14-23 <Draw 2,202,533 77 573,735 75
9 10-14 23-18 14-23 <Draw 1,296,790 58 336,175 55
10 10-15 22-18 15-22 <Draw 543,603 60 104,882 41
11 11-15 22-18 15-22 <Draw 919,594 &7 301,310 59
12 11-16 23-19 16-23 < Draw 1,969,641 &9 565,202 64
13 12-16 24-19 09-13 Loss 205,385 a4 49,593 40
14 12-16 24-19 09-14 <Draw 61,279 45 23,396 44
15 12-16 24-19 10-14 <Draw 21,328 i1 8,917 31
16 12-16 24-19 10-15 = Draw 31.473 35 13,465 35
17 12-16 24-19 11-15 <Draw 23,803 34 9,730 34
18 12-16 24-19 16-20 <Draw 283,353 49 113,210 49
19 12-16 24-19 08-12 <Draw 266,924 49 107,109 49
Overall Draw Total Max Total Max
15,123,711 154 3,301,807 94
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proven draw, only a heuristic draw; demonstrat-
ing proven draws in a heuristic search seriously
degrades performance.

The alpha-beta search algorithm is the main-
stay of game-playing programs. The algorithm
does a depth-first, lefi-to-right traversal of the
search tree (J7) (SOM text). The algorthm
propagates heuristic bounds on the value of a
position; the minimum value that the side about
to move can achieve and the maximum value that
the side about to move can be limited to by the
opponent. Lines of play that are provably outside
this range arc imelevant and can be eliminated
{cut off), A d-ply scarch with an average of b
moves o consider in every position results ina
tree with roughly & positions. In the best case,
the alpha-beta algorithm only needs to examine
roughly b** positions (/6).

If Chincok does not find a proven result, then
a sccond program 15 mvoked (1060 ). It uses the
Di-pn algorithm (/8), a space-efficient variant of
Proof Wumber search. The search retums a
proven, partially proven, or unknown result

Algorithms based on proof numbers mainiain
a measure of the difficulty of proving a position.
This difficulty is expressed as a proof number, a
lower bound on the minimum number of posi-
tions that need to be explored o result in the
position being proven. The algorithm repeatedly
expands the tree below the position reguiring the
least effort to affeet the original position (a “best-
first” approach). The result of that scarch is
propagated back up the ree, and a new best can-
didate to consider is determined. Proof number
search was specifically invented to facilitate the
proving of games. The Df-pn variant builds the
search tree in a depth-first manner, requiring less
computer storage.

lierative search algorithms are commonplace
in the Al lilerature. Most iterate on search depth
(first 1 ply, then 2, then 3, etc.). The manager uscs
the new approach of iterating on the error in
Chinook’s heuristic scores (/3). The manager
uscs a threshold, ¢, and temporarily assumes that
all heuristic scores =r are wins and all scores <-—¢
are losses. It then proves the result given this as-
sumption, Once completed, 7 15 increased to 1+ A,
and the process is repeated. Eventually ¢ reaches
the value of a win and the proofis complete. This
iterative approach concenirates the effort on
forming the outling of the proof with low values
of 1, and then fleshing out the details with the rest
of the computation,

One complication 15 the graph-history mter-
action (GHI) problem, 1t is possible to reach the
same position through two different sequences of
moves. This means that some draws depend on
the moves played leading to the duplicated
position, In standard search algorithms, GHI
may cause some positions o be incomectly
inferred as draws, Part of this rescarch project
was o develop an improved algorithm for
addressing the GHI problem (/9),

Correctness. Given a computation that has
run for so long on many processors, an important
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question to ask is “Are the results cormrect”?” Early
on in the computation, we realized that there
were many potential sources of errors, including
algorithm bugs and data transmission emors,
Great care has been taken o climinate any pos-
sibility of e¢mor by verfying all computation
results and doing consistency checks. As well,
some of the computations have been indepen-
dently verified (SOM text).

Even if an error has crept into the calcula-
tions, it likely does not change the final result
Assume a position that is 40 ply away from the
starl is incorreel. The probability that this er-
roneous result can propagate up 40 ply and
change the value for the game of checkers is
vanishingly small { 20/).

Results. Our approach to solving the game
was o determine the game-theoretic result by
doing the least amount of work. In tournament
checkers, the standard starding position (Fig. 1,
top) is considered “boring,” so the first three
moves (ply) ofa game are randomly chosen at the
start. The checkers proof consisted of solving 19
three-move openings, leading to a determination
of the starting position’s value: a draw. Although
there are roughly 300 three-move openings, more
than 100 are duplicates (move transpositions).
The rest can be proven o be imelevant by an
alpha-beta search,

Table 2 shows the results for the 19 openings
solved to determine the perfect-play result for
checkers. (Other openings have been solved but
are not included here)) After an opening was
proven, a posiprocessing program pruncd the tree
to climinate all the computations that were nol
part of the smallest proof tree. In hindsight, the
pruned work was unnecessary, but it was not so
at the time when it was assigned for evaluation.
Figure 3 shows the proof tree for the first 3 ply.

The lefimost move sequence in Fig, 3 is as
follows: Black moves from 09 1o 13 (represented
using the standard checkers notation 09-13),
White replies with 22-17, and then Black moves
13-22. The resuliing position has been searched
and shown to be a draw (opening line 1 in Fig. 3).

Thal means the position after 22-17 is also a draw,
given that there is only one legal move available
(13-22) and it isa proven draw. What is the value
of the position after Black moves 09-137 To
determine this, all possible moves for White have
e be considered. The move 22-17 guarantees
White at least a draw (at most a draw for Black),
Bul it is possible that this position is a win for
White (and a loss for Black). The remaining
moves (21-17, 22-18, 23-18, 23-19, 24-19, and
24-20; opening lines 2 to 7 in Fig. 3) are all
shown to be at least a draw for Black. Hence,
Whilte pre fers the move 22-17 (no worse than any
other move), Thus, 09-13 leads o a draw (While
will move 22-17 in response).

Given that 09-13 is a draw, il remains to
demonstrate that the other opening moves cannot
win for Black. Note that some openings have a
proven result, whereas for others only the pariial
result that was necessary for the proof was
compuied. The number of openings is small
because the forced-capture rule was exploited.
Opening lines 13 to 19 in Fig. 3 are needed o
prove that the opening 12-16 is not a win. Ac-
tially, one opening would have sufficed (12-16,
23-19, and 16-23). However, human analysts
consider this line o be a win for Black, and the
preliminary analysis agreed. Henee, the seven
openings beginning with the moves 12-16 and
24-19 were proven instead. This led to the least
amount of computing.

There is anecdotal evidence that the proof ree
is comrect. Main lines of play were manually
compared to human analysis (74), with no errors
found in the compuler’s results (unimportant
errors were found in the human analysis).

The proof ree shows the perfect lines of play
needed to achieve a draw. If one side makes a
losing mistake, the proof tree may not necessarly
show how to win. This additional information is
not necessary for proving the draw result.

The stored proof tree is only 107 positions.
Saving the entire proof ree, from the start of the
game so that every ling ends in an endgame
database position, would require many tens of

=D

-

09-13
=D

|ua-1¢ 10-14][10-15] [11.15] 1
<D || <=0

-
-
o

<=0} <=0
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Ik =1

2217 211? 21 18 '23-1!

P:'I!

I I\’IVIV

R E i s e
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1
||1:-zz||15-u 1mlmslns-1dl1u-u 1u-1
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1 2 i 4 5

12 12 14 16

Fig. 3. The first three moves af the che:lcers proof tree. Move sequences are mdn:ated using the
notation from Fig. 1B, with the from-square and to-square of the move separated by a hyphen. The
result of each position is given for Black, the first player to move (=D, a proven draw; =L, a proven
loss; <=0, loss or draw; and >=0, draw or win). In some positions, only one move needs to be

considered; the rest are cut off, as indicated by the rotated 7"

move because of the forced-capture rule.
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terabytes, resources that were not available.
Instead, only the top of the proof tree, the
information maintained by the manager, is stored
on disk. When a user queries the proof, if the end
of a ling of play in the proof is reached, then the
solver 15 used to continue the line into the
databases, This substantially reduces the storage
needs, at the cost of recomputing (roughly 2 min
per search),

The longest line analyzed was 154 ply. The
position at the end of this line was analyzed
by the solver, and that analysis may have gone
20 or more ply deep. At the end of this analysis
is a database position, which could be the result
of several hundred ply of analysis. This
provides supporting evidence of the difficulty
of checkers—for computers and humans.

How much computation was done in the
proof? Roughly speaking, there are 107 positions
in the stored proof tree, each representing a
search of 107 positions (relatively small because
of the extensive disk operations), Hence, 10" isa
good ballpark estimate of the forward search
effort.

Should we be impressed with “only™ 10™
computations? At one extreme, checkers could
be solved using storage—build endgame data-
bases for the complete search space. This would
require 5 x 10™" data entries. Even an excellent
compression algorithm might only reduce this to
10" bytes, impractical with today’s technology.
This also makes it unlikely that checkers will
soon be strongly solved.

An alternative would be to use only
computing—i.e., build a scarch tree using the
alpha-beta algorithm. Consider the following un-
reasonably optimistic assumptions: number of
moves o consider is cight in noncapture posi-
tions, a game lasts 70 ply, all captures are of a
single piece (23 capture moves), and the alpha-
beta search does the least possible work, The
assumptions result in a search tree of §'™ 7 =
8" states. The perfect alpha-beta search will
halve the exponent, leading to a search of roughly
8" = 10, This would take more than a lifetime
to search, given current technology.

Conclusion. What is the scientific signifi-
cance of this result? The early rescarch was
devoted to developing Chinook and demonsirai-
ing superhuman play in checkers, a milestone
that predated the Deep Blue success in chess. The
project has been a marmiage of research in Al and
parallel computing, with contrbutions made in
both of these arcas, This rescarch has been used
by a bioinformatics company; real-time access of
very large data sets for use in parallel scarch is as
relevant for solving a game as it is for biological
computations,

The checkers computation pushes the bound-
ary of what can be achieved by search-intensive
algonithms. [t provides compelling evidence of
the power of limited-knowledge approaches to
artificial imelligence. Deep search implicitly
uncovers knowledge. Furthenmore, search algo-
rithms are well poised to take advantage of the

14 SEPTEMBER 2007



RESEARCH ARTICLES

1522

merease i on=chip parallelism that multicore
computing will soon offer. Search-intensive
approaches to Al will play an increasingly
important role in the evolution of the Reld.

With checkers finished, the obvious question
is whether chess is solvable. Checkers has
roughly the square root of the number of
positions in chess (somewhere in the 10% w0
10°" range). Given the effort required to solve
checkers, chess will remain unsolved for a long
time, barring the invention of new technology.
The disk-flipping game of Othello is the next
popular game that is likely to be solved, but it will
require considerably more resources than were
needed to solve checkers (7).
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Some Toll and Toll-like receptors (TLRs) provide immunity to experimental infections in animal
maodels, but their contribution to host defense in natural ecosystems is unknown. We report a
dominant-negative TLR3 allele in otherwise healthy children with herpes simplex virus 1 (HSV-1)
encephalitis. TLR2 is expressed in the central nervous system (CNS), where it is required to
control HSV-1, which spreads from the epithelium to the CNS via cranial nerves. TLR3 is also
expressed in epithelial and dendritic cells, which apparently use TLR3-independent pathways to
prevent further dissemination of HSV-1 and to provide resistance to other pathogens in
TLR3-deficient patients. Human TLR3 appears to be redundant in host defense to most microbes
but is vital for natural immunity to HSV-1 in the CNS, which suggests that neuratropic viruses have
contributed to the evolutionary maintenance of TLR3.

he contribution of Toll and Toll-like re-

ceptors to immunity has been studied ex-

iensively in the past decade. Toll-deficient
Dyvosophila were shown o be susceptible 1o ex-
perimental infections with cerain fimgi in 1996
(), and a Toll-like receptor 4 (TLR4) null muta-
tion in mice resistant to lipopolysaccharide (LPS)
but susceptible to certain Gram-negative bacie-
ria was identified in 1998 (2). Mice deficient
for individual TLRs have since been generated
and shown o have diverse infectious pheno-
types, from susceptibility 1o resistance, depending
on the TLR-pathogen combination (7). How-
ever, it remains unclear whether TLRs play
nonredundant roles—beneficial or detrimental
in natural, as opposed to experimental, infections.
This biological question is imponant, because
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natural sclection acts on a given species in the
seiting of natural (rather than experimental ) eco-
sysiens, The human model is particularly suit-
able for analyses of the relevance of genes such
as those of TLRs 1o hodt defense in natural eco-
systems (4). Nevertheless, although many studies
have suggested that TLR genes are involved in
human infectious diseases, this has not been un-
ambiguously demonstrated (5). In particular, no
primary immunadeficiency involving TLRs has
been identified.

The discovery of mberted nkedeukin 1 receptor-
associaled kinase<d (IRAK-1) deficiency in
children with bacterial diseases implicated hu-
man TLRs, interleukin-1 receptors (IL-1Rs), or
both in host defense (6, 7). However, the narrow
range of infections documented in such patients

indicates that IRAK-4-— dependent, TLR-mediated
immunity is redundant for protective immunity
most microbes. In particular, [RAK-4-deficient
patients arc not susceptible o herpes simplex
virus | (HSV-1) encephalitis (HSE). In HSE,
HSV-1 infects epithelial cells in the oral and nasal
mucosa and progresses (o the central nervous
system (CNS) via the wigeminal or olfactory
nerves (8). A genetic etiology of HSE was found
in two children who lacked functional UNC-93B
{#), an endoplasmic reticulum protein required
for TLR3, TLR7, TLRE, and TLRY signaling
(/). Both UNC93B- and [RAK-4-deficient
patients fail to signal through TLR7, TLRS, and
TLRY, but unlike IRAK - -deficient patients (7).
UNC-93B-deficient patients display impaired
TLR3-dependent interferon-c (IFN-a) -B. and -4
production (%), Moreover, HSV-1 is a double-
siranded DNA vins with doublesiranded RNA
(dsRNA) intermediates (//), and TLR3 recog-
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nizes dsRNA (12). Finally, TLR3 15 expressed in
CWS-resident cells (/3-15) and peripheral nerves
{/&). Collectively, these observations suggest that
impaired TLR3-dependent induction of 1FN-a, -
and -A might be involved in HSE

A heterozygous TLR3 mutation in two chil-
dren with HSE. We investigated two unrelated
French children (Pl and F2) with HSE (SOM
Text, note 2), UNC-93B deficiency was ex-
cluded on genetic and immunological grounds
(fig. 51, A o D). Leukocytes and fibroblasts
from P1 and P2 harbored the same heterozygous
substitution (C—T) in TLRIT al nucleotide
position 1660 (¢ 1660C=T) (Fig. 1, A and B).
The two kindreds represent independent muia-
tional events because the two P5545 mutations
were in different TLRF haplotypes. The muta-
tion leads to the replacement of a proline (P)
by a serine (S) al residue 554 (P5545) (Fig.
1C). P554S has not previously been desenbed
{17, 18) and was not found in any of the 1581
unrelated healthy individuals examined (1162
chromosomes), including 241 Europeans. Res-
idue P554 of TLR3 is conserved in the 18 ani-
mal species studied (Fig. 1D). The extracellular,
ligand-binding domain of TLR3 contains 23
contiguous leucine-rich repeats (LRRs) forming
a large, horseshoe-shaped solenoid (Fig. 1E) (/9).

Fig. 1. Heterozygous

P554 anchors the TLR3-specific insertion of
residucs 544 to 554 i LRE20 (Fig 1E) (/9, 20),
This region is hought to be critical for dsRNA
binding to TLR3 (20) and TLR3 multimeriza-
tion (/9. Three relatives of P1 and two of P2
were also heterozygous for the mutation (Fig,
1A). They were HSV-1 scropositive but had not
suffered from HSE, which suggests that the
P554S TLR3 mutation confaved an autosomal
dominant predisposition 10 HSE with incom-
plete clinical penetrance.

Impaired responsiveness of fibroblasts to
poly(l:C) stimulation. We derived demal fibro-
blastic cell lines, which selectively express TLR3
(%), from patients and controls. The TLR3 ago-
nist polyinosine-polyeytidylic acid [poly(1.C)],
which mimics dsRNA (/2), induced [FN-B, -i,
and IL-6 in a dose- and time-dependent man-
ner in all control fibroblasts but not in the
TLR3-deficient fibrosarcoma P2.1 cell line (SOM
Text, note 1) (Fig. 2A and fig. S2A). Primary
and simian virus 40 (SV40)-ransformed fibro-
blasts from Pl and P2 displayed only a resid-
ual response at high concentrations of poly(1:C)
and late time points (Fig. 2A). IL-6 induction
was less impaired. The induction of IFN-B and
- mRNA production by poly(l:C) was marked-
ly weaker in Pl fibroblasts (fig. 52B). Both
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nuclear factor kappa B (NF-xB) (Fig. 2B) and
IFN regulatory factor-3 (IRF-3) (Fig. 2C) ac-
tivation were impaired in response to poly(l:C)
in the patients’ fibroblasts, which responded
nommally to tmor necrosis factor-a (TNF-u)
and IL-1p (Fig. 2B and fig. S2C). NFxB es-
sential modulator (NEMO)-deficient fibroblasis
(SOM Text, note 1) did not respond to poly(1:C),
IL-1B, or TNF-u (Fig. 2B), and UNC-93B
deficient fibroblasts (%) did not respond to poly
(1:C) (Fig. 2C). Finally, all tested relatives
carrying the TLR3 mutation, but nong of the
relatives without this mutation, displayed im-
paired responses o poly(LC) (fig. 52D). The
cosegregation of genotype and fibroblastic
phenotype suggests thal heterozygosity for the
P5545 TLR3 allele confers autosomal dominant
hyporesponsiveness o poly(l:C) in fibroblasts.
Dominant-negative effect of the P5545
TLR3 allele in fibroblasts. TLR3 multimerizes
upon binding dsRNA, and several TLR3 mu-
tants are dominant negative (20-22), which sug-
gests that the P5545 mutation may be dominant
negative. TLR3 mRNA is produced in normal
guantitics (Fig. 2D) in the patients’ fibroblasts
(fig. S2E), and the wild-type (WT) and P5548
TLR3 mRNAs were equally abundant (fig. S2F).
Stable transfection of P2.1 cells with C-terminal

TLR3 P5545 mutation — f'"l’:'l"‘ ) "T"E”"T
in two unrelated chil- Kindred A : :
dren with HSE. (A) Fam- ' 1 ! A _nL , c || | I II'IL i
ily pedigrees, with allele Kindred B [VYVVYVUVES Y VY VVYA Y
segregation in the two " O O—'—Eﬂ
families. The patients, in L & . 2 C
black, are heterozygous Psses
for the mutation. The EE] Ifl &) d) ! NHily S _l IM_TR %04 C00H
other family members L M2 . E Ipp 4 N IR RIES ) ,L,
heterozygous for the mu-
tation are indicated by 5 1 E1
bold vertical fines. (B) P55 ATG TAA
Heterozygous ¢1660C>T D . + = E
ml.'ﬂﬁﬂﬂ “ ﬂE 5 :;. Homo saprens F;:.‘I:I’..I::LQEH HIARLNERAN PGEPITFLEG L8
T dﬂnﬂm[lﬂ" Macaca mulatta KLE [LDLQIN NIARLMEEAN PGREVIFLKG LS
£ Sequence Pan trogladytoes KLETLOLQEN WIARLMEEAN POGEVIFLEG L
chai % Bos raurus KLEILDLORY WIABLMISEAN FCEEVOFLKG L¥
Mefase. . cham rE:a:.‘tlnn Bubaius bubaiis FLE [LOLQEN NIARLWR:EAN FOGEVOFLKG L9
T.Ill:ﬂ.l'ls of Qencimc DNA Boselaphis tragocamalus KLY ILOTOE NIARTNMHAN TOOFVOFLEG LS
Sus scrofs FLOILDLAQRY WIANIMAN oS varieG 1.3
frnl;dleukn{);tﬁ af s Equass cabailus FIEVIDLQEN MWIARTNWE:MN TOGFVEFLKG L8
control (C) and P1 (P) is Falis catis KLEILRLOE MIARIMKENM PSGEVIFLKS 16
shown. The mutation was Oryetolsgus evrieilus ELEVLOLOEN WIARLMNOAM TGERIFLKG L8
5 : Galus gall ELDILNLORY NIANLMECAN PCGEVLFLED VB
confirmed in genomic  garu nmr:wu: WLEILDFQIR NIARLMELAN TGERVITLEG LI
DNA and cDNA from  Mus muscoius HLEILOFOR WIARIMNPAM DTGGFVNFLKG L3
leukocytes and fibro-  Orcorfyrchus mykiss  SLEVLKTGRY NIARLMRIAN TOGFVLILEG 1R
. Carassirs B HLARTNNTAN IOOFVTE.
blasts. {C) Schematic rep- D::orw.nm'm‘ mz KLARLWR-OH F-*:.W\"..F$ ::
3 Ictaiurus punclatus M HLARVERAHN TGV
resentation of TLA3 gene Takifugur rubripes :E&Em :r.uu.ln-w w.-;ﬂ‘m;'ﬁ ﬁ
strul:h:lre, Human TLRZ Imﬂl
has five exons (Roman . LRR20 (531.562)

numerals) encoding a

pratein (shown in gray)

composed of a leader sequence (L), an LRR domain, a transmembrane {TM)
domain, and a Tollinterleukin-1 receptor (TIR) domain. The various LRR
motifs, the N-terminal cap, and the C-terminal cap of the LRR domain are
separated by dotted vertical lines, and the two LRRs with an insertion are
indicated by asterisks. The c.1660C>T mutation results in a proline (P} to
serine (5) substitution at amino acid position 554 (P5545) in LRR20. (D)
LRR20 of TLR3 in humans and the corresponding region in the other 17

species studied, with the insertion indicated. The amino acids conserved in
the insertion in all these species are shaded in gray. (E) Two views of the
human TLR3 ectodomain (ECD) surface. H539 and N541 {left), implicated in
ligand binding, and P554 f{right) are shown in magenta. “ins” refers to the
eight residues from W546 to G553 in the TLR3-spedific insertion 544 to 554
of the LRR20, and is shown in dark gray. Glycan is shown in yellow, and the
C terminus of the TLR3 ECD is at the bottom.
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hemagglutinin (HA ) tagged WT TLR3, but not
with P5545 TLRZ, restored the cell response to
poly(l:C), as measured by IFN-p (fig. S2G) and
IFN-A production (Fig. 2E). Both WT and P3548
TLR3 mRNAs were detected (Fig. 2F). The
P53545 TLR3 pmotein had a lowa molecular
weight than the WT, as shown by Westem blot-
ting with two antibodies that specifically recog-
nize the TLRY N-terminal ectodomain, but not
with an antibody to C-terminal-tagged HA (Fig.
2G). Upon transient transfection of control fibro-
blasts with various ratios of mock vector and
P5548 TLRZ allele, the response o poly(LC) de-
creased as the proportion of P5545 TLR3 allele
increased (fig. S2H). Moreover, control fibroblasts
stably ransiected with the P534S TLR3 dllde losi
their ability i respond to poly(l:C) (Fig. 2H).
These observations were extended to P2.1 recipient
cells {SOM Text, note 3). The P5545 TLR3 protein
is thus C-terminally truncated, loss-of-function for

poly(1:C) responsiveness, and dominant negative
in dermal fibroblasts and the fibrosarcoma P2.1 cell
ling, at least for [F induction.

Impaired IFN-dependent control of viruses
in TLR3-deficient fibroblasts. UNC-93B
deficient fibroblasts produce little IFN-B and -A
upon viral stimulation, resulting in high levels of
viral replication and cell death (%), We therefore
infected TLR3-heterozygous fibroblasts with
HSV-1 and another neurotropic virus, vesicular
stomatitis virus (VSWV)—a highly cytopathic virus
and potent IFN inducer in human fibroblasts,
IFN-f and -A production afler infection with
VEV and HSV-1 was markedly weaker in fibro-
blasts from the patients than in those from con-
trols (Fig. 3, A and B). Six hours afler VSV
infection, viral replication rates were higher in P1
cells—as in Stat-1-deficient {23) and UNC-93B
deficient (¥) cells—than in controls (Fig. 3C).
Cell survival was also markedly lower for the

patients than the controls and was similar to that
for UNC-93B- and Stat-1-deficient cells afier 24
hours of VSV and 96 hours of HSV-1 infection
(Fig. 3D). Treatment with [FN-u or [FN-B com-
plemented the phenotype of TLR3- and UNC-
93B-deficient, but not Stat-1-deficient, cells
{Fig. 3, C and E) in a dose-dependent manner
{fig. 83). [FN-A also partially complemented the
phenotype, albeit less effectively than [FN-¢w or
IFN- (Fig. 3E). Our resulis thus demonstrate a
causal relationship between heterozygosity  for
the P3445 TLR3 mutation, impaired TLR3 sig-
naling, sbnomally weak IFMN-o/f and -k produc-
tion, enhanced viml replication, and higher levels
of fibroblast cell death upon viral infection,
Impaired response to polyll:C) stimulation in
MDDCs, NK, and CD8 T cells. Monocyte-derived
dendritic cells (MDDCs) (24) from P1 and the
third sibling of P2 (S3-P2), both heterezygous for
the TLR3 mutation, responded more weakly than

Fig. 2. Impaired response to poly(l:C) of fibroblasts and
dominant-negative effect of the TLR3 P5545 allele in fibroblasts
(A) IFN-J3, -4, and IL-6 production in SV40-transformed fibro-
blasts (SV40 fibroblasts) from a control (C), P1, P2, and a UNC-
93B—deficient (UNC-93B™") patient upon stimulation with
various doses of paly(l:C) for 12 or 24 hows. (B) NF-xB-DNA-
binding activity of nuclear extracts from the 540 fibroblasts of
a control (C), P1, P2, and a NEMO-deficient (IP) patient upon
TNF-ct and IL-1f stimulation for 30 min, or poly(l:C) stimulation
for 60 min or 90 min, as assessed by electrophoretic mobility
shift assay. The experiment is representative of two. (C) IRF-3
monomers and dimers in total cell exracts from 5V40 fibroblasts
of a control (C), P1, P2, and a UNC-938™" patient, upon poly(l:0)
stimulation for 1 or 2 hours, as assessed by Western blotting. (D)
TLR3 mRNA levels in SV40 fibroblasts from six controls (C) [mean
value indicated by {-}], P1, and P2; B-glucuronidase (GUS) was
used for normalization. The experiment shown is representative
of two. (E to G} In F2.1 cell lines not transfected (P2.1) or stably
transfected with pUNO expression vectors carrying no insert
(P2.1-mock), or the C-terminal HA-tagged TLR3 cDNA with the
WT sequence (P2.1-TLR3 WT) or with the P5545 mutation (P2.1-
TLR3 P5545), IFN-% production (E) was measured after 24 hours
stimulation with poly(l:C). The TLR3 cDNA in these cells (F) is
shown, with the internal amplification confrol GAPDH:; the
experiment shown is representative of three. TLR3 expression in
these cells (G) was assessed by Western blotting, using two
antibodies to N-terminal TLR3 [anti-TLR3 (N) Ab1 and anti-TLR3
{N) Ab2] and an antibody to C-terminal-tagged HA. The ex- G
periment shown & representative of six. The recombinant TLR3
ECD protein was used as a positive control for the antibody. The
internal expression control was glyceraldehyde-phosphate de-
hydrogenase (GAPDH). (H) IFN-i production, in a control SV40-
fibroblast cell line, stably transfected with an emply vector
(C-mock), a C-terminal HA-tagged pUNO-TLRI WT vector
(C-TLR3 WT), or an HA-tagged pUNO-TLR3 vector containing
the P5545 mutation (C-TLR3 P5545) uwpon stimulation with
various doses of poly(l:C) for 12 or 24 hours. In (&), (E) and (H),
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control cells to poly(1:C) but responded normally
to LPS and R-B48 in terms of IFN-J, IFN-A, and
IL-12p40 production (Fig. 4A) and CD40, CD8O,
and CD86 up-regulation (fig. S4A). We tested
leukocyte subsets ex vivo to gain further insight
into HSE pathogenesis. Unlike punfied natural
killer (NK) cells from controls (25), the patients’
NE cells barely responded to poly(LC) (Fig. 4B)
but responded nomually o K562 (Fig. 4B and
SOM Text, note 4). Nevertheless, the known pa-
tients with inherited NK deficiency were not prone

A
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E 12| P2 i o
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1 1
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30 3h 8h Bh 24h 30" 3h Bh Bh 24h
Time past infaction
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to HSE (¥, 26) We did not test /8 T cells, but
unlike CD8 of T cells (27) from contmols, cells
from P2 and her father, both heterozygous for the
P5545 mutation, responded weakly 1o poly(1:C)
costimulation (fig. S4C) but normally © costim-
ulation with CD28 (fig S4C). However, the
known CD8- and HLA-I-deficient patients did
not present HSE (28). Although affected by the
TLR3 mutation, the contribution of NK and CD8
T cells to the pathogenesis of HSE in TLR3-
heterozygous dhildren is probably modest.
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Multiplicity of infection

Fig. 3. High levels of viral replication and cell mortality in fibroblasts from the patients and rescue
by treatment with IFN-ci, -f3, -A. (A and B) IFN-§ and - production, measured by ELISA, by SW40
fibrablasts from controls (C), P1, and P2 after 24 hours of VSV (&) or HSV-1 (B) stimulation. Mean

values +50 were calculated from six independent experiments with three different controls. (C) VSV

titers, estimated on Vero cells, in 5V40 fibroblasts from healthy controls (C), P1, a UNC-93B""

patient, and a Stat1-deficient (Stat1™") patient, at various times after VSV infection with or without
18 hours of pretreatment with IFN-c.. Mean values £50 of two independent experiments with two

different controls are shown. (D and E) Live cell percentages, estimated by resazurin oxidation/
reduction, for SV40 fibroblasts from a healthy control (C), P1, P2, a UNC-93B™", and a Stat-17"
patient, 24 and 96 hours after infection with various multiplicities of infection of VSV and HSV-1.
The cells either were not treated (D), or were subjected to pretreatment (E) for 18 hours with
recombinant |FN-, < or =& and with |FN-c, - or <& present during infection. Mean values +50

were caloulated for three replicates in each experiment; one representative of three experiments

with two different controls is shown.
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Response of blood DCs and keratinocytes
to poly(l:C) stimulation. Like IRAK-4- and
UNC93B-deficiem peripheral blood mono-
nuclear cells (PBMCs) (7, #), the patients' cells
responded normally w poly(l:C)y in terms of
IFN-x, -f and -X production (fig. $1, A o C, and
fig. S5A). The patients’ purified myeloid DCs
(MDCs) (24) responded nomally to poly(l:C)
in terms of IFN-A production (Fig, 4C). More-
over, IFN-u (Fig. 4D) and -A (fig. S5B) were
produced by poly(1:Clstimulated purified plas-
macytoid DCs (PDCs) from patients and con-
irols, although PDCs are not thought o express
TLR3 (24}, The lack of clinical HSV-1 dissem-
ination, particularly by the blood, in patients
with HSE may therefore be due 1o the induction
of [FNs by MDCs and PDCs stimulated with
dsRNA or other viral intermediates (29). HSV-1
also does not spread o epithelia during or fol-
lowing HSE (¥). Several epithelial cell types,
keratinocytes in particular (30), express TLR3
and respond to poly(l:C)L TLR3heterozypous ke-
ratinocytes from P2 did not respond to poly(1:C).
as shown by measurements of IL-6 secretion
{Fig. 4E). However, they responded to poly(LC).
as shown by IFN-L (Fig. 4E) and IL-8 (fig. S5C)
production. The [FN-L response of the patients’
keratinocytes suggested that the sensing of
dsRNA and, possibly, other viral intermediates
{29) in epithelial cells prevented the epithelial
dissemination of HSV-1 in TLR3-heterozygous
patients with HSE. The poly(1:C) responsiveness
of DCs and keratinocyies probably operated
through TLR3-independent pathways (29), al-
though we cannot exclude the possibility of
residual TLR3 signaling or a lack of dominance
of the P5345 TLE3 mutant in such cells.

Most viruses trigger IFNs in TLR3 hetero-
zygous cells. The lack of other severe viral
diseases in TLR3-heterozygous and UNC-
93B-deficient patients with HSE is intriguing
(9, 37 Our demonstration of poly(L.C) re-
sponsivengss in keratinocyies and blood DCs
is important because most viruses enter the
host via the epithelium, and most forms of
huwman viral encephalitis other than HSE and
rabies arc blood-bome. We then stimulated the
paticnts’ blood cells with 11 viruses (7, #).
TLR3deficient PEMCs displayed normal pro-
duction of [FN-g, -f and -&, and other cyio-
kines in response to the viruses tested (Fig. 4F
and fig. 85D). Similarly, cells from [RAK <3
deficient patients showed normal or weak but
detectable responses o all viruses (7). Cells
from UNC-93B-deficient patients showed
impaired, but not abolished, responses fio
several viruses, including HSV-1 (%), We then
tested the responses of the patients’ fibroblasts
to the six viruses that stimulated IFN-B and -4
production in control fibroblasts. Like IRAK-
4-deficient fibroblasts (7), both TLR3-deficicnt
and UNC93-B-deficient fibroblasts responded
well to four of the viruses, but unlike the
IRAK-4 - deficient fibroblasis (7), they responded
poorly to HSW-1 and VSV (Fig. 4G). The in-

14 SEPTEMBER 2007

1525



RESEARCH ARTICLES

1526

duction of IFN-g, -, and -& in blood cells and
fibroblasts from TLR 3-heterozygous patients,
after stimulation with most of the vimuses
tested, was consistent with the natural resist-
ance of these patients to most viruses other
than HSV-1.

Concluding remarks. After autosomal reces-
sive UNC-93B deficiency (9), autosomal dom-
inant TLR3 deficiency is the sccond genetic
etiology of isolated HSE to be identified.
Because Stat-1-deficient (32) patients arg also
prone to HSE (and other infectious discases),
the molecular pathogenesis of HSE primarily
imvolves impaired TLR3-dependent, [FN-a, -j,
and - responses. Several lines of evidence also
indicate that the pathogenic cellular mechanism
underlying HSE in TLR3-heterozygous pa-

b

ticnis involves an intrinsic defect affecting
CNS-resident cells: the neurotropic infection
of the CNS by HSV-1, the CNS-restricted clinical
course of HSE, the widespread and preferential
expression of TLR3 in the CNS, the poly(ILC)

inducible production of antiviral IFNs by blood
DCs in TLRY heterozygotes, and the absence of
HSE in patients with conventional primary
immunodeficiencies. In addition to revealing
the pathogenic mechanism and a basis for both
molecular diagnosis and genetic counseling,
our findings provide furher support for the
treatment of HSE patients with IFN-g in
addition o acyclovir (%), Interestingly, five of
the seven TLR3-deficient individuals and one of
the three UNC-93B-deficient individuals did
not develop HSE afier HSV-1 infection. The

incomplete clinical penetrance of TLR3 and
UNC93B deficiency is consistent with the
typically sporadic, & opposed to familial, occur-
rence of HSE (8, #). Multiple factors may affea
clinical penetrance, including age at infection
with HSV-1, the viral inoculum, and human
modifier genes.

The infection of TLR3-deficient mice with
HSV-1 has not yet been reporied, but mouse
TLR3 appears to be largely redundant in antiviral
immunity. TLR3-deficient mice are susceptible
to encephalomyocanditis virus (EMCV) (33) and
mouse cytomegalovirus (MCMVY) (34, 35), at
least in some experimental conditions and, to a
lesser extent, to respiratory syncytial virus (RSV)
{36). However, TLR3-deficient mice have normal
resistance to lymphoeytic choriomeningitis virus

B
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Fig. 4. Impaired response to poly{l:C) in MDDCs and NK cells but not in
blood DCs and keratinocytes; most wiruses trigger IFNs in TLR3 het-
erozygous blood and fibroblasts (A) IFN-B, -4, and IL-12p40 production,
by MDDCs from controls (C), P1, and a sister of P2 (53-P2) heterozygous
for the P5545 mutation. Mean values +50 were calculated from the data
for 12 controls. (B) IFN-y production, in purified NK cells from five
controls {(C), P1, and P2, upon stimulation with poly(l:C) or K562 for 24
hours in the presence of IL-12. (C) IFN-% production in MDCs from eight
controls (O [mean value indicated by ()] and a sister of P2 (53-P2)
heterozygous for the P5545 mutation. (D) IFN-u production, in PDCs
from seven controls (C) [mean value indicated by (—)] and 53-P2. (E) IL-6
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and IFN-4 production by keratinocytes from controls (C) and P2, Mean
values +50 were calculated for two replicates in each experiment, with
two different controls. (F) IFN-c production by PBMCs 24 hours after stim-
ulation with intact viruses. Means +50 were calculated for the controls (C)
from data for six healthy individuals, each tested once, for P1 (tested four
times for HSV-1 and WSV and once for the other viruses), and for P2 (tested
twice for all the viruses). (G) IFN-J and - production, 24 hours after
stimulation with intact viruses, in fibroblasts from controls, P1, and a UNC-
9387 patient. Mean values +SD were calculated from three independent
experiments with two different controls. The proeduction of IFNs and IL-6 was
measured by ELISA in (A) to (G).
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(LCMV), VSV, and reovirus (35). Morcover,
TLR3-deficient mice are resistant to influenza A
virus (37), West Nile virus (38), and phlebovinus
{39). Human TLR3 also appears 1o be largely
redundant for antiviral immunity, as the known
TLR3- and UNC-93B-deficient patients have
had infections with numerous vinses without
developing severe disease (%, 3/). Nevertheless,
human TLR3 is essential for primary immunity
to HSV-1 in the CNE, at least in some circum-
stances, Our study provides conclusive evidence
that an individual TLR can play a nonredundant
role in hest defense in the scting of a natural
ccosystem. Criven s ability to recogniae dsRNA,
human TLR3 may have been of evolutionary im-
portance: Most patients with HSE died uniil the
advent of acyclovir in 1981 (¥). As naturally oc-
curring mutations in TLR3 may be dominant
negative, it is lempling to speculate that HSV-1
and other nawotropic viruses may have exerted
direct selective pressure, driving the maintenance
of human TLR3,
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Lighting the Universe with Filaments

Liang Gao'* and Tom Theuns™?

The first stars in the universe form when chemically pristine gas heats as it falls into dark-matter
potential wells, cools radiatively because of the formation of molecular hydrogen, and becomes self-
gravitating. Using supercomputer simulations, we demonstrated that the stars’ properties depend
critically on the currently unknown nature of the dark matter. If the dark-matter particles have intrinsic
velocities that wipe out small-scale structure, then the first stars form in filaments with lengths on the
order of the free-streaming scale, which can be ~10°" meters (~3 kiloparsecs, corresponding to a
baryonic mass of ~107 solar masses) for realistic “warm dark matter” candidates. Fragmentation of the
filaments forms stars with a range of masses, which may explain the observed peculiar element
abundance pattern of extremely metal-poor stars, whereas coalescence of fragments and stars during
the filament's ultimate collapse may seed the supermassive black holes that lurk in the centers of most

massive galaxies.

ost of the matter in the universe does
Mnut interact with light except gravita-

tionally. This “dark matier” is usually
assumed to be “cold,” meaning that its velocity
dispersion is sufficiently small for density pertur-
bations imprinted in the early universe o persisi
up to very small scales. Although this model is
able to describe the large-scale distribution of
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ealaxies in impressive deiail, it may face prob-
lems on the scale of galaxies and below; for ex-
ample, it may predict too many satellite galaxies
(), as well as too-cuspy profiles for the dark-
matier halos that surround galaxies (7).

Dark matter has vet to be detected in the
laboratory, however, and there exist many viable
dark-matter candidates from particle physics
that are not cold. *Warm™ dark matter {WDM)
particles have intrinsic thermal velocities, and
these motions quench the growth of structure
below a “free-streaming” scale (the distance
over which a typical WDM particle travels),
which depends on the nature of the panticle.

Because small and dense halos do not form
below the free-streaming scale, the dark-matier
halos that surround galaxies in a WDM model
have far less substructure and are less concen-
trated as compared with their cold dark matter
(CDM) counterparts, which may help alleviate
both the satellite and galactic-core problems (3).
Structures on larger scales are similar in WDM
and CDM, and therefore the distribution of
galaxies is not affecied. The first gencration of
stars in the universe forms when primordial gas
gets compressed by falling into small-dark-
matter potential wells (#-7). Because WDM
affects structure formation on such small scales,
it may influence how the first stars form; we have
performed simulations o analyze this idea in
more detail.

Large-scale power in the spectrum of density
periurbations causes progenitors of present-day
clusters of galaxies to be among the first objects
to condense out of the initially almost smoaoth
mass distnbution. We studied the early formation
stages of such an object by identifying a massive
cluster of galaxies in a dark-matter simulation of
a large cosmological volume at redshifi - = 0 and
used a multiscale echnigue (8, 9) to resimulate
its formation and evolution with the cosmologi-
cal hydrodynamics code Gadget-2 (9, £0). Bary-
ons compressed by falling into the developing
dark-matter potential wells cool radiatively through
molecular hydrogen emission lines (9, 1) we
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followed the formation of molecular hydrogen
and its cooling using a sophisticated chemistry
network (6). The parent simulation, from which
we picked the resimulated region, followed the
growth of structure in a CDM-dominated uni-
verse with a cosmological constant A; we per-
formed the resimulations assuming both CDM
and WDM as dark matter. In this WDM model,
small-scale power in the density fluctuations is
exponentially suppressed below ~100 co-moving
kpe, mimicking free-streaming of gravitino par-
ticles with mass mype = 3 ke (). Gravitinos
are a popular WDM candidate (/2), but our re-
sulis are insensitive to the exact choice of WDM
particle as long as s frec-sireaming length 15
more than a few tens of co-moving kiloparsecs,
Therefore, even if the gravitino were slightly
more massive or if the WDM were instead a ster-
ile neutrino [another popular WDM candidate
{13)], our results would not change appreciably.
Observations of the clustering of newtral gas
along sight lines o distant quasars (the Lyman-o
forest of absorption lines) probe scales 1 to 40
Mpe when the density perturbations on these
scales are still small, and the presence or absence
of substantial substructure in these observa-
tions can constrain the masses of WDM parti-
cles (14, 13): our choice of WDM particle mass
(3 keV: the corresponding mass scale is ~3 =
10° M. where M_, is the solar mass) is well above
this lower limit (~2 keV) (4, 15). The initial
amplitude of the imposed density perurbations
in our simulations s normalized to the level seen
in the cosmic microwave background radiation
( f6), and our simulations start at redshift = ~200.
(See the supporting onling material for more
details on these simulations. )

The growth of structure in these resimulations
leads to a patlem of filaments and sheets (Fig. 1)
that is familiar from the local large-scale
distribution of galaxies. This is because the as-
sumed Gaussian spectrum of density perturba-
tions, appropriate for an inflationary model, leads
to collapse along one (sheet) and two (filament)
directions before the formation of halos. Al-
though the large-scale filamentary paitem is very
similar in CDM and WDM, the structure of the
filaments themselves is very different. Whereas
the CDM filaments fragment into numerous
nearly spherical high-density regions (“halos™)
(Fig. 1A), the WDM filaments are mostly devoid
ofsuch substructure (Fig. 1B). Figure 1, C and D,
depicts the WDM filament at an carlier ume
before any of the other Alaments have formed:
The central density 1s very high (hydrogen num-
ber density my, ~ 10* em = 10°%n,)) but no dark-
matter halo has formed vet. [tis well known that
the Poisson noise in simulation codes that use
particles to represent the dark matter leads o spu-
rious fragmentation of the filaments that form in
such WDM simulations (/7, /&) We therefore
ended the analysis of our WDM simulations well
before the filaments fragmented.

The length L of the filament (~3 kpc) is on the
order of the imposed WDM free-sireaming scale,
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as expected; L ~4 kpe at redshift z = 23.34 when
the universe 15 140 million years old, Gas and
dark matter accrete perpendicular onto the
filament’s axis (Fig. 2). Dark-matier particles
falling into the filament perform damped oscil-
lations as the potential well deepens, Atr~ 50 pe
{where r 15 the distance perpendicular to the fila-
ment's axis), dark-matter panticles falling into
the well encounter particles that fell in from the
other side, and these successive instances of “orbit
crossing” give rise to the steps in the density seen
in Fig. 1B. Baryons do not undergo orbil cross-
g but the gas geis compressed o a tempera-
ture 7= 7000 K at » ~ 20 pe. Rapid buildup of
H. induces cooling, and the gas stans to dom-
inate the matter density further downstream
s0 that the ratio of gas to dark-matter densities
is |:||_-.".|:|u_'\| ~15= IU{]{PL-,}EI':P“:“} atir=2 Fff.'. Al
r< 2 pe where the gas dominates, the ratios of
principal axes of the filament are bla = 0,123 and
oa = (L118; henee, the filament s very nearly
cylindrical. The properties of both the gas and the
dark matter are very uniform along the whole
length of the filament. The cylindrical density

Temparatura

profile below 10 pe s amexim:ld}-' pocr =
for2<r<Bpcandp = r " forr=2pc. Thisisin
contrast top o=+ — for the spherically averaged
profile of the gas in CDM halos on a comparable
scale (6. 7). The central Ha abundance reaches
107*, higher than in the CDM case because of the
higher temperature reached behind the aceretion
shock. This higher temperture and the asso-
ciated higher ionization fraction will also enhance
the importance of deuterated molecular hydro-
gen (HD) cooling at later stages (19, 24).

The nonlinear collapse into a thin flament
found in these WDM simulations 15 i sharp
contrast o what happens in the CDM case, There
the first objects to reach high densities are dis-
crete, nearly spherical dark-matter halos (gravita-
tionally bound concentrations of dark matter) that
form al tiny masses and build up hicrarchically
through mergers and accretion. Some halos have
a sufficiently deep potential well o accrete and
shock baryons, enabling H, formation and radia-
tive cooling. Runaway collapse of the rapidly
accreting self-gravitating gas is thought to lead to
the formation of a single massive star per cooling

Fig. 1. (A and B) Dark-matter density structure of the progenitor of a redshift z = 0 massive cluster of
galaxies at z = 15 when the thermal velocities of the dark-matter particles are negligible (CDM) (A) and
when the dark matter is warm {a gravitino with myp, = 3 keV) (B). Although both models produce a
characteristic filamentary pattern in the density, the COM filaments fragment into numerous nearly
spherical halos, whereas free-streaming of the WDM prevents this type of substructure from forming. (C
and D) Gas temperature (C) and density (D) in the WOM filament, indicated by the blue box in (B), at
an earlier redshift (z = 23.34) when only this filament had formed. Gas accretes very uniformly onto the
filament, as indicated by the velocity vectors, and heats as it gets compressed but cools further
downstream because of the formation of H, making the center of the filament cold and dense. The
filament shown here is almost perfectly cylindrical; usually they are elliptical in shape.
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halo (4, 6, 7). The absence of small-scale power
in WDM prevents halos from forming before the
filament itself becomes highly nonlinear. Al-
though our resimulations focus on the progeni-
tor of a massive cluster, and hence the forming
abject collapses unusually early on, the fact that
very high densities are reached ina filament, as
opposed toa spherical halo, is generic to WDM,

The stability of collapsing filamentary clouds
has been investigated in the context of the for-
mation of cloud cores, for example in (21, 22),
and applied to cardy-universe fGlaments (23).
The inability of gas to cool sufficiently fast usu-
ally limits the collapse time of the filament by
the cooling tme, 1y = p/p ~ t. = mkgT'A (where
ty is the dynamical time, 4 is the cooling time,
a is the density, kg is the Boltzmann constant,
I'is the temperawre. and A is the cooling rate
due to Ha and HD cooling). Perturbations start
growing, possibly leading to fragmentation,
when ¢y == 1, where 1, i1s the inverse growth
rate of perturbations. If the gas cooling is ef-
ficient, 4y ~ 7. << 1,, and perurbations do not
grow. Atn =n, = 10F em ™, the level population
of Hs reaches local thermodynamic equilibrium,
making A o n instead of o n°, and 1, becomes
independent of density (/1) A sufficiently
massive filament may yet survive fragmentation
at this stage, and at higher density n ~ 10" em ™,
three-body processes promote the formation of
H> and the cooling time decreases again.
However, when n = 5> = 10" em ™ the pas

becomes optically thick i the Ha cooling
transitions, slowing the collapse, and the fila-
ment is once more in danger of fragmenting,
Collision-induced continuum emission will again
decrease the cooling time when 1 ~ 10" an™,
until the gas becomes optically thick also to this
cooling radiation at densitics # = 1y = 10'° em™
(24, 24). The physics of the Hy molecule there-
fore sets three densities at which the filament
may fragment. The typical fragment masses are
on the order of tens of solar masses, solar masses,
and subsolar masses for fragmentation at densi-
tics ny, n2, and ny, respectively (23).

The tidal field around the filament breaks the
cylindrical symmetry on scales comparable to the
filament’s length (Fig. 1) and can trigger the gas
dynamical instabilities that ultimately lead to
fragmentation. Unfortunately, our current simu-
lations are not able to follow this process in detail
because these tiny deviations from symmelry ane
overpowered by numencal noise caused by the
graininess of the particle disiribution. This causes
the filament to fragment very rapidly as expected,
vel the scale of the fragmentation is arificial. In
the WDM universe. the small-scale perurbations
that irigger fragmentation in the simulations are
not present and need o be generated through the
transfer of power from larger scales. Because this
is a relatively slow process, the ceniral density
will have reached the higher value n: or even
higher, implying small fragment masses on the
order of a solar mass or below. Such fragments
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can coalesce to form more massive clumps, as
has been demonstrated in two-dimensional nu-
merical simulations (22). Even ifindividual cores
survive, they may still grow in mass through
accretion.

Detailed observations of star-forming clouds
in the Milky Way reveal that the low-mass stellar
mass function is very similar to that of the dense
prestellar cloud cores within the ambient cloud,
although it is not yet clear what determines the
cut-off’ at high masses. This close similarity
might indicate that the process of cloud fragmen-
tation plays an important role in determining the
initial mass function {23). If this also applies to
star-formation in a WDM filament, then it is
plausible that fragmentation will lead to a burstof
star formation that includes low-mass stars with
masses ~1 Mg or below butl also much more
massive stars built through mergers and aceretion.
The more massive stars will end their short lives
through supemova explosions or collapse to form
intermediate-mass black holes, and some of the
very-low-mass stars may potentially survive until
today. Although the details of this scenario are
uncertain, it is clear that the stellar mass function
will be guite different from the CDM case.

The low-mass Milky Way stars discovered in
the HamburgEuropean Southern Observatory
survey HE 0107-5240 (26) and HE 1327-2326
{27) have extremely low mictallicities (28) of [Fe/
H] ~ =5 and peculiar clement abundances, for
example [C/Fe] = 1. An initial mass function of

Fig. 2. Gas and dark-matter
profiles of the WDM filament
shown in Fig. 1, C and D. {A)
Accretion of dark-matter particles
{black) and gas particles (red); the
horizental and vertical scales are
different {along and perpendicu-
lar to the filament, respectively).
The dark matter undergoes orbit
crossing (multivalued velocities)
atr ~ 50 pc, whereas the gas gets
shocked much closer in (~20 pc)
and dominates further down-
stream. (B) Gas density profile,
as measured perpendicular to the

A B
g
|
5
2
o
%‘
B
B
5
E
L |
1.0 10.0
Postion along filament [pc) Distance perpendicular to filament [pe)
Cc D
10000, ey i i
l e | [ ot Y :
' Ty ,;;@ﬁ‘% 103 [ LR ;.
T B I A
PR S Lk
o = - ¥
= 4 !g -
e 3 -
= [ e
E 1000 2 e
E‘ : 3 104
] [ Lo e
= t q.:_d\:"c-r*_-'-. =
¥
|
100! s i
1S il ;
0.1 1.0 10.0 100.0 01 10.0

Distance ﬁnrpﬂ-nﬁcular to filament [pe]

www.sciencemag.org  SCIENCE  VOL 317

1.0
Distance perpendicular to filament [po]

1000 filament's axis. Lines p o r *and
poo %% serve to guide the eye.
(C) Temperature profile. Gas heats
as it gets compressed, but the
rapid buildup of Hs cools the gas
further in. (D} Buildup of molec-
ular hydrogen fraction, fi,,, dur-
ing the accretion.
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zero-metallicity first stars with a range of masses,
as we suggested might be the case in WDM,
could explain these stars either as due to self-
pollution or pre-endchment by intermediate-mass
{tens of solar masses) supemovae (29). Such first-
generation low- and inlermediate-mass stars are
not thought to form in CDM (4, 6, 7). Therefore,
although the present observational evidence is
not yet unambiguous, a future detection of zero-
metallicity low-mass first stars may indicate that
the dark matter is wanm.

Free-sireaming of the WDM considerably
decreases the number density of halos that host
carly-star formation, which could delay reioniza-
tion as comparcd with CDM (30), However, the
additional mode of star formation in filaments
could partly compensate, making itunclear wheth-
er reionization is indeed delayed when the dark
matter is wanm.

What is the ultimate fate of such ~107 M,
filaments? Eventually the filament will collapse
along its long axis, and because its mean density
is very high, a large number of collisions between
cloud cores and stars would appear inevitable.
Such collisions could build up a massive object
that can seed the formation of the supermassive
black holes that power redshift = ~ 6 quasars and
appear to lurk in the centers of most large
galaxies today,

The different outcome of WDM versus CDM
is because the thermal velocities of the WDM
particles prevent halos from forming before the
filaments themselves form stars. This happens
when the free-streaming length introduced by the
dark matter's themal velocities is more than a
few tens of co-moving kiloparsecs so that the
filamenis are sufficiently massive to heat infalling
gas o more than ~1000 K, enabling efficient

cooling by molecular hydrogen, [f we simulate a
WDM universe with a much shorter freestreaming
length (for example, ~20 kpc corresponding to a
graviting mass miwpag = 15 ke'V), star formation
proceeds in a similar way to the CDM case, in
good agreement with carlier work (3/). The
likely very different initial mass function of the
first stars and the rapid formation of massive
black holes in a WDM scenario with mwpm ~ 3
keV, as opposed to CDM, implics a very differ-
ent early thermal- and metal-enrichment history
of the universe, greatly affecting subsequent
galaxy formation. It appears, therefore, that the
way in which quasar, star, and galaxy formation
staried depends strongly on the nature of the
dark maitter.
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Phase-Coherent Transport in
Graphene Quantum Billiards

F. Miao, 5. Wijeratne, ¥. Zhang,* U. C. Coskun,t W. Bao, C. N. Laut

As an emergent electronic material and model system for condensed-matter physics, graphene
and its electrical transport properties have become a subject of intense focus. By performing
low-temperature transport spectroscopy on single-layer and bilayer graphene, we observe ballistic
propagation and quantum interference of multiply reflected waves of charges from normal
electrodes and multiple Andreev reflections from superconducting electrodes, thereby realizing
quantum billiards in which scattering only occurs at the boundaries. In contrast to the conductivity
of conventional two-dimensional materials, graphene’s conductivity at the Dirac point is geometry-
dependent because of conduction via evanescent modes, approaching the theoretical value
4¢e°/nh (where e is the electron charge and h is Planck’s constant) only for short and wide devices.
These distinctive transport properties have important implications for understanding chaotic
quantum systems and implementing nanoelectronic devices, such as ballistic transistors.

raphene is a two-dimensional (2D}
Glmuc}-cmtb lattice of carbon atoms and

exhibits an energy dispersion relation in

which the low-lying excitations behave like
massless relativistic Dirac fermions ( /-3), and a
graphene bilaver's band structure resembles a

zero band-gap semiconductor (Fig. 1A). This
band struciure is predicted to give rise o several
unconventional phenomena, such as the Klein
paradox () (i.e., the ability of relativistic particles
o twnnel through high bamiers with perfect
transmission) and the Vasclago lensing effect
{5) (Le., focusing of charges in a p-n junction).
Technologically, graphene is an attractive mate-
rial for nanoscale electronics engineering, As a
2D relative of carbon nanotubes, it has superior
maobility, current-carrying capacity, and thermal
conductivity; but in contrast to nanotubes,
lithographic techniques can be used in graphene
for device synthesis and tailoring transpor
propertics (4), thus expediting integration with
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silicon-based complementary metal-oxide semi-
conductor technology. [n the long term, graphenc’s
unusual properties could enable new functional-
ity in nanoelectronics,

Many of the proposed phenomena and de-
vices assume ballistic charge propagation in
conjunction with graphene’s distinctive band
structure, Yet, a clear demonstration of the bal-

A

W o

Energy

listic transport regime in graphene has been
lacking, whereas the exact electrical conductivity
at the Dirac point, Gy, has been the focus of
many recent theoretical works [see (4) for a
review]. We expenmentally explore 6.4, in both
diffusive and ballistic regimes for single-layer
graphene (SLG) and bilayer graphene { BLG) and
establish ballistic and phase-coherent transport in

=20 1]
v, (V)

i i
20 40 &0

Fig. 1. (A) Energy dispersion relations for SLG {left panel) and BLG {right panel). & is the wave vector
of charges. (B) Scanning electron microscope image of a SLG device in Hall-bar geometry. (C) Atomic
force microscope image of a two-terminal device with a measured thickness of 3.5 nm, indicating the
presence of several atomic layers. (D) SLG's o, in units of 4e®h versus I/, at H = 8 T and 260 mK.
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Fig. 2. (A) Conductance G versus V, for small-area 5LG and BLG devices (bottom and top panels,
respectively). (Inset) G(Vy) for a large-area SLG. (B) amis (in units of 4e’inh) versus the device
aspect ratio WL, Red squares, small SLG devices; green triangles, BLG devices. The dotted line is
calculated from Eq. 1. (Inset) g, versus Wil. Blue diamonds, large 5LG devices.
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short devices coupled to nomal and super-
conducting electrodes. These graphene quantum
billiards are expected to reveal unexpected fea-
tures in spectra statistics in massless Dirac
fermion billiards (7) and in Andreev billiards
{#) (Le., billiards with superconducting bounda-
rics), thus enabling differentiation between
chaotic and integrable dynamics and providing
insight into quantum chaos, In addition o
realizing graphene electron or hole resonators,
specular Andreev reflection (9, [0) in Andreev
billiards can be cxploited for chargeless
transport of pure spin (/7) and thermopower
{12) currents,

SLG and BLG devices are coupled to super-
conducting aluminum (Al) electrodes, in both
Hall-bar (Fig. 1B) and two-terminal geometry
{Fig. 1C) (13). Table S1 lists device parameters.
For devices with Hall-bar geometry, quantum
Hall (QH) measurements were carried out at 260
mkK in a magnetic field /=8 T. Figure 1D shows
that as gate voltage V), is modulated, the Hall
conductivity o,, of a SLG device is quantized at
half-integer values of 4™/l ~ 155 pS, confirming
the anomalous intezger OH effect in massless
Dirac fermion systems, thus unequivocally es-
tablishing our selection of SLG and indicating
charge localization in the bulk of the system at
high magnetic ficlds. We focus on zero or very
low magnetic field measurements, where field-
induced localization is minimal.

We first address a central issue in graphene
studies: the value of conductivity at the Dirac
point. A distinct feature of a 2D massless Dirac
fermion system is that a,,, is predicted to be a
universal value Gy = 4e”/mh for both ballistic and
disordered cases (). An earlier study (2) indeed
found a universal, albeit larger, value of 4¢°/h.
The finding is counterintuitive, because one
might expect impurity scattering to reduce the
measured conductivity value. This factor of ©
discrepancy between theory and experiment has
generated much debate (/4-18),

To address the controversy, we focus on
the zero-bias conductance of SLG and BLG
devices as a function of ¥, at an applied mag-
netic ficld A/ = 0 and temperature 7= 1.5 K, which
is above the superconducting transition temper-
ature T_ of bulk Al As shown in Fig. 2A, the
device conductance is high at large negative
and positive V,, corresponding to highly hole-
and clectron-doped regimes, respectively. At
the Dirac point, the device conductance reaches
a minimum G which ranges from 148 to
1200 pS for all devices studied. For devices
with relatively large source-drain separation
(L =~1 pm)and large arca (4> 3 um:]. values of
minimum conductivity G = (LW Ly of
these devices are geometry-independent and
relatively constant: -3.3 w 4.7 Gy (Fig. 2B,
inset). Here, L and Ware the length and width
ofthe source-drain conduction channel, respec-
tively. This finding is fully consistent with that
in the previous repont for devices with L ~ 3 1o
10 pm and A > 10 pm” (2).
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For “small™ devices with L < 500 nm and
A <02 pm’, however, a qualitatively different
behavior emerges G, 15 no longer constant bul
varies from 0.8 10 4.6 Gy, Plotting measured values
of G (in units of 4¢/mh) versus the aspect ratio
WL, where data from SLG and BLG devices are
represented by red squares and green triangles,
respectively (Fig. 2B), we sce that when WL <2,
Omn 5 ~ 2 0 4 and systematically decreases
with increasing aspedt ratio: for the devices with
WIL = 4, @4, s close to 1. Our results agree with
recent theoretical works (15, /6% In the ballistic
regime, ,,;, depends on the graphene’s geome-
try and the microscopic details of the edges, ap-
proaching the universal value of 4¢7/mh when

boundary effects are negligible, which is achieved
for wide and short graphene strips with I >> L.

Quantitatively, at the Dirac point, the conduc-
tivity of a ballistic graphene strip with “arm-
chair” edges is given by (/5)

L 4 L L
T = Gm'n_z__z T

W W4 (

where T, is the transmission probability of the

nth conductance channel, T, = m

Using N = 100 (the sum converges quickly
for N = 10, where N denotes the total number
of channels), we calculate a,,,;, asa function of

Fig. 3. (A and B) diidV (color scale, in pS) versus V,, (horizontal axis) and V/
(vertical axis) for device 1 (A) and device 17 (B) with normal electrodes at
260 mK and H = 40 mT. The dotted and dashed linesin (A) are guides to the
eye, indicating conductance’s oscillation periods. (C) Line trace through (B)
at V= 1.3 mV. {Inset) Line trace through {A) at V= 0.

WiL (Fig. 2B, dotted line), in excellent ag-
reement with the experimental data, This result
suggests the electrical transport in graphene is
ballistic up to lengths ~0.5 to 1 pm, which is
consistent with results from QH measurements
{2). Device 10, corresponding to the data point
at W/L = 8.25 and a,;, ~ 2 Gy, has relatively
large area (~1.2 um?) and appears appreciably
above the theorctical curve. Morcover, the
bilayer devices appear to fall on a differemt
curve, as expected from theoretical predictions
{19-21).

Our experimental results provide strong
evidence for two transport regimes: Small and
short graphene strps exhibit ballistic transport,

G (u8)

Fig. 4. (A) difaV (color scale, in pS) of device 1 versus V and V, at H = 0 with
superconducting electrodes. The dark lines at ~£2 mV are conductance dips (13).
(B) diidV of device 1 versus VatH = 0 mT and H = 40 mT. V, ==7.58 V. (C) dlidV
(color scale, in uS) of device 17 versus H (horizontal axis) and V (vertical axis). The
datted line is calculated by means of Eq. 2. (D) dl/dV of device & versus V/ across the
junction at H = 0. The arrows indicate MAR features,
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where g, decreases with increasing aspect
ratio and reaches G when B == L; in contrast,
devices with large source-drmiin separations
and arcas display a near-universal value of
Omin ~ 3 10 4 Gy, independent of device
geometry, suggesting diffusive tansport. The
transition between the two regimes appears o
take place when L ~ | pm and/or A4 ~ | ymz,
which may be induced by inhomogeneous
doping (22).

Focusing on small and short graphene
devices and investigating ballistic charge
transport away from the charge neutrality point,
we perform nonlinear transport spectroscopy by
measuring the differential conductance (ld 1)
of the devices at 260 mK as functions of 1, and
source-drain bias ¥ A small pempendicular
magnetic field (0 mT) suppresses super-
conductivity in the Al electrodes. The data,
shown as 2D color plots, (Fig. 3, A and B),
display paitems of crisscrossing lines, indicat-
ing periodic conductance oscillation with both
¥ and ¥V, (Fig. 3C). Similar patterns arc
observed in both single-layer and bilayer
devices and in both hole- and electron-doped
regimes. Such periodic conductance oseilla-
tions, also observed in carbon nanotubes (23),
arise from quantum interference of multiply
reflected paths of electron (and hole) waves
between two partially transmitting electrodes,
whereas the charges’ wavelength is ned by
bias or V.

[n carbon nanotubes, the interference pat-
tern is typically characterized by a single char-
acteristic energy scale Eq = ';—'-IJ‘;,wlwrc v ~ | 0t
m's is the Fermi velocity of graphenc and
nanowbes and £y, is the distance between
successive reflections, given by the source-
drain separation in nanotubes (23). In contrast,
in graphene devices, we gencrally observe
several frequencies with different energy
scales, Anexample is shown in Fig, 3A, where
a large period and a small period are outlined
by dotted and dashed lines, respectively. This
distinction between nanotubes and graphene
devices lies in their dimensionality: One is a
1D deviee with well-defined clectron paths,
whereas the other is 2D and the electron
trajectorics can be quite complicated, because
various electronic resonator modes (and hence
energy scales) can be excited (24). Never-
theless, because the length 2L, vields the
minimum length over which clectrons and
holes remain phase coherent, we estimate the
phase coherence length £, in graphene by
identifying the smallest energy scale in each
dltdV(Vy, V) plot. For our devices, Eomin are
determined to be ~ 0.7 10 1.5 meV, corre-
sponding o L, ~ 3 1o 5 um at 260 mK, in
agreement with values extracted from weak
localization measurement ().

The long phase coherence length of
charges in graphene suggests a possible
experimental realization of an Andreev bil-
liard. Such a device is also a Josephson
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Junction (25), expected to exhibit unusual
phenomena such as specular Andreev reflec-
tions (%, /). Superconducting order is also
predicted to emerge in pure and doped
graphene (26). We repeal measurements of
dlldV(Vy, V)yat H = 0 with superconducting Al
clectrodes, thus realizing an Andreev billiard,
As shown in Fig, 4A, the interference patlem
persists, with an additional bright, horizontal
band around zero bias, indicating enhanced
conductance (up to 100%) that persists
through both the resonance and antiresonance
of the interference pattems [for high-bias
conductance dips, see (/3)].

A detatled examination of the low-bias
region reveals a single peak at zero bias, and
two or more additional peaks at V' = 24/e,
where A is the enerpy gap of Al (Fig. 4, B to
D). The single conductance peak at ¥ = 0 has
been observed in nanotubes (27-29) and
attributed either to a dissipative quasiparticles
current (27) or to a manifestation of super-
current (2%). The subgap features at finite 1=
2A/e results from multiple Andreev reflections
(MARSs) (30), where an electron from a normal
metal incident at a superconductor is reflected
as a hole, while transferring charge 2e by
forming a Cooper pair in the superconductor.
For a superconductor/mormal metal/super-
conductor (S/N/S) junction, an electron may
be reflected between the two N/S interfaces
several times, gaining energy el cach time it
transverses the junction, giving rise to features
in dllefVat constant voltages ¥, = ii'l where /15
an integer. For the data shown in Fig. 4B, we
estimate 2A = 105 peV and 5 = 55 pV. For
different devices. the observed values of 24
range from 105 to 250 peV, which is lower
than the bulk value ~360 peV. The reduced gap
is attributed to the presence of the Pd adhesion
layer,

For small H, we expect V; to follow the
classical Bardeen-Cooper-Schriceffer functional
form of Al f)

——
Vi(H) = F’,[ﬂ]v‘l—H_

(2)

&

o

where H. is the critical field of Al Figure 4C
shows a plot of dffdV(H, V) for device 17,
where the enhanced conductance peaks appear
as the three red bands near zero bias. The
positions of these peaks move to lower bias
with increasing H, in excellent agreement with
the dotied line, which is calculated by means of
Eq. 2 and by taking /, = 19.5 mT and Vs(0) =
55 pV directly from the data.

Up to five MAR feawres are observed in
our devices, as shown in Fig. 4D, which plots
dlldV of device 6 as a function of voltage V
across the junction. Positions of the MAR
features, indicated by arrows, are 221, 110, 75,
53, and 31 pV, corresponding to i =1, 2, 3, 4,
and 7, respectively. Because the ith MAR

REPORT

feature implies electrons and holes propagate
across the normmal region ~i times without
backscattering (31). our observation of several

MAR features anesis to the ballistic natwre of

transport in graphene.
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Early Archaean Microorganisms
Preferred Elemental Sulfur, Not Sulfate

Pascal Philippot,™* Mark Van Zuilen,* Kevin Lepot," Christophe Thomazo,*

James Farquhar,® Martin ]. Van Kranendonk®

Microscopic sulfides with low **5/%S ratios in marine sulfate deposits from the 3490-million-year-
old Dresser Formation, Australia, have been interpreted as evidence for the presence of early
sulfate-reducing organisms on Earth. We show that these microscopic sulfides have a mass-
independently fractionated sulfur isotopic anomaly (A*’S) that differs from that of their host
sulfate (barite). These microscopic sulfides could not have been produced by sulfate-reducing
microbes, nor by abiologic processes that involve reduction of sulfate. Instead, we interpret the
combined negative °“S and positive A*S signature of these microscopic sulfides as evidence for
the early existence of organisms that disproportionate elemental sulfur.

he availability and speciation of sulfur in
the Archacan atmosphere-ocean system
must have played an imporant role in the
early evolution of life on Earth. The different ox-
idation states of this element (eg, 87, 8, §",
S04, 8057, S04 ) can all act as an important
source of energy for different types of sulfur-
metabolizing organisms. It has been suggested
that the large sulfur isotopic fracionation of sul-
fides (c.g., pyrite, FeS,) in marine sediments rel-
ative o contemporaneous sulfate [eg., gypsum
(CaS0y) or barite (BaS0y)] provides a record of
microbial sulfate reduction over time (/-7), be-
cause sulfate-reducing organisms pn.l‘cmnl:all:,-
process luhhl over heavy sulfur isotopes (S rel-
ative to "*8), leading to sulfide IHI.I‘!LIH]_'\- {eg.,
pyrite) with negative 898 = {[(*SS)unpic’
(**8228),4 = 11% 1000} values (&). The resulting
isolopic difference between sulfides and sulfates
{ﬁl-‘smum == ﬁ'HSq,!ru‘ =20 to —3%} can be
traced back to 2700 to 2500 million vears ago
(3, 3). In older rocks, a much smaller isotopic
difference is preserved {E'”Sm“-,,k - E‘“Sm;,h,t <
=10}, which could indicate either that micro-
bial sulfate reduction was absent in the Early
Archacan or that microbial sulfate reduction op-
erated under low seawater-sulfate concentration
(7). These low sulfate concentrations would be
consistent with low oxygen concentrations in the
Archacan aimosphere and surface ocean (6, 7).
An exception to this general rend, however, is
the record of strongly negative 948 values of
microscopic sulfides hosted in barite of the 349(0-
million-year-old chert-barite deposit at North Pole
[ Dresser Formation, Westem Australia (f, 2)]. It
has therefore been sugpested that the record of
microbial sulfate reduction extends into the Early
Archacan and may reflect local enrichment of sul-
fate in these environments (/).
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Physique du Globe de Paris, CHRS and Université Denis
Diderot, 4 place Jussiew, 75005 Paris cedex, France. “Earth
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SA “Geological Survey of Western Australia, 100 Flain
Street, East Perth, WA 6004, Australia.
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Here we report multiplesulfur isotope analyses
(%S, *'s, M) of sulfides and sulfates from drill-
core samples from the dient-banie deposit at Norh
Pole and show that metabolic pathways other than
sulfate reduction can account for the micmoscopic
sulfides with negative ~$7°S values. In the anoxic
and strongly hydrothermally influenced marine en-
vironment of the Eady Archacan, organisns using
reduced 1o intermediate forms of sulfur such as 8",
S04, and SO;* were likely more common than
sulfate-reducing organisms (9, /). Sulfides that
form from the metabolism of 8", $,0,™ , and
SOy may also result in significantly lower
5578 ratios relative to abiologic forms of sulfide
{({1). This mass-dependent isotope factionation
(6™S) therefore cannot be used to distinguish such
organisms from S0y reducers. However, in the
Archaean, the different sources of sulfur used by
these organisms camy distinetive mass-independent
isotope ratios janomalous AYS = 1000 = [(1 +
§US/1000) — (1 + 8781000)°)) (12-14).

Such A™'S anomalies are produced by photochemi-
cal reactions of voleanic gases (SCh and HaS5) i the
Archacan atmosphere and have been recognized
as a tracer of the source of sulfur on carly Earth
(12-14). The §*'S and A™S variations for the
Early Archacan record appear to be well matched
by experiments of atmospheric photolyss under-
taken with ultraviolet (UV) radiation of wave-
length ~193 nm (/7). In Late Archacan sediments,
however, Ono et ol (/5) and Kamber and
Whitchouse (/6) documented a different relation
between §**S and A™'S variations and showed that
their data could be bracketed by experiments
undertaken with 193-nm radiation and by
experiments  undertaken at longer wavelengths
(=220 nm) (/2 14). The data for the Mesoarchae-
an produces another relation between S and
A™S, adding to the complexity of the picture and
raising the possibility that the interpeetations of
{{3)and (15, 16) may be reconciled if they reflect
changes in the source reactions that ocourred as the
atmospheric sulfur cycle evolved from the Early
Archacan to the Late Archacan. These different
scenarios for atmospheric photochemical reac-
tions suggest that §" and SO, will dominate over
all other sulfir species and provide two notable
sulfur sources, insoluble 5" (+A¥'S) and soluble
80, {—ﬁ'uS}_ that are available for sulfiur maabo-
lism. Once the A™'S anomaly is passed on to a
given reservair, it will be preserved unless there &
addition of sulfur with a different AY'S compo-
sition. Figure | illustmtes how sulfides that formed
from different microbial processes would retain the
AMS anomaly of the orginal sulfur source.

The Dresser Formation at North Pole consists
of pillowed and komatiitic metabasalt interleaved
with three units of cherty metasediment. Our study
focuses on the lowenmost of these metasedimen-

Fig. 1. Graphical rep-
resentation of multiple— &F
sulfur isotope systemat-
icsin a 835 versus A™%S

Imorganic .\

.

S-dIn

plot. UV-driven photoly-
sis of volcanic 50, and
H.5 produces aerosols 5
and gases (H.S, HS, 5°,
50;, 505, H;504) with
both mass-independent
(MIF-5, A™S) and mass-
dependent isotope frac-
tionations (MDF-S, 5*4)
that follow experimen-

sullur reduction s ’
@

" Microbial sultur
disproportionation

v
®

tally determined frac-
tionation arrays for UV
radiation of 193 nm .

=i} |

{shaded area represents -20
a margin in &% of
+5%o relative to this ar-

=10
545 (%)

ray) (13). The dominant atmospheric carriers of A**S anomalies are elemental sulfur aerosols (5°, +A**S)
and sulfuric acid aerosols (H,50,) incorporated in seawater as dissolved sulfate (50, —A*S). Sulfide
forming from the biologic or abiologic reduction of sulfate should preserve a negative A*ls anomaly.
Likewise, Slllf'ldlli formed by the inorganic or microbial reduction of elemental sulfur should retain a
positive A**S anomaly, whereas microbial disproportionation of elemental sulfur should produce sulfide
and sulfate that both retain a positive A**S anomaly. Isotope fractionation assodiated with microbial
sulfur reduction is close to zero (26) and therefore not shown.
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tary units known as the chen-barite unit (Fig, 2A).
The age of this unit is constrained by a Pb-Pb age
on galena from barite (/7). The rocks were
deposited in a shallow-water environment, possi-
bly within a voleanic caldera (/8, 79), and have
experienced  low-grade metamorphian between
100° and 350°C (J9). The unit consists of a
succession of bedded chents, bedded barite, vol-
canaclastic sandstones, and bedded carbonates, Tt
is connected 1o an underlying network of barite-
and silica-feeder veins. The barite veins, like
the silica veins, ane thought o represent conduits
for hydrothermal fluid circulation (/9-21). In the
bedded barite, massive barile arystal fans alternate
with centimeter-scale, macroscopic sulfide lami-
nates (Fig. 2C). The barite crystals from both the
bedded barite and underlying intrusive barite veins
contain microscopic sulfides (Fig. 2D). The chen-

A Dill core PDP2C
e L L 69 4
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Fig. 2. (A) Lithological log of the Pilbara Drilling Project (36) for drillcore PDP2C. Five main subunits

1 (PDP2B)

barite unit has a history of complex hy drothermal
alteration that is characterzed by successive pulses
of fluid circulation as attested by widespread silica,
carbonate and sulfide overgrowth of primary tex-
tures. Several zones of relatively unaltered barite
crystals, however, were found in the barile beds,
We sclected microscopic sul fide arrays from such
unaltered barite for textural analysis [sample 854
of drill core Pilbara Drilling Project 2B (PDP2B)]
(Fig. 2D) and sulfur-isotope and chemical analy-
ses (samples 84-6, 89-3 of drill core PDP2B, and
sample 96-6 of drill core PDP2C) (Fig. 3C and fig,
51322y, Some of these microscopic sulfides in
the bedded barite have up to 3.5 weight % Ni,
and can contain local inclusions of pentlandite
(Fe,NikSg and millerite (NiS) (fig. S1 and twble
511 Specific tests with Ni-sulfide standards dur-
ing the analytical procedure {22) show that Ni

Silicified
bedded carbonate

Bl Arered pllow basall 5] Bedded barite
Bedded carbonate ] White and black chest
BB vocarociastcs [ Atered komatiite

have been identified, but only three are shown for simplification. Numbers in parentheses (on the right)

refer to depths {m) at which drill core POP2B intersected the three main subunits. These include, from

bottom to top, (i) hydrothermally altered komatiites intruded by silica and barite veins, (i) barite-sulfide

deposit, and (iii) volcanoclastic sandstone (Volc.) and bedded carbonate sedimentary rocks overlain by

pillowed basalts. (B to D) Optical photomicrocraphs. (B) Silicified bedded carbonate containing thin

alignments of sedimentary sulfide (sample 94.6, drill core PDPZC). (0) Macroscopic sulfide laminates

{sample 95,35, drill core PDP2C). (D) Individual barite crystal containing microscopic sulfides lining barite

overgrowth zones (sample 88.4, drill core PDP2B).
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content, or the occurrence of pentlandite or mil-
lerite, has a negligible effect on sulfur-isotope
analysis. Furthermore, no correlation between
Ni content and &S is present in the data set.

Our 55 data (22) (Fig. 3, fig. S2, and tables $2
and 53) show a limited mnge of values for sedi-
mentary sulfides in the volcanoclastic sandstones
and bedded carbonates (—1.4 + 2.7%) and macro-
seopic sulfide laminates in the bedded barite (-2.7 +
1. 2%a). By contrast, microscopic sulfides occuming
in several barte crystals of one of the well-preserved
zones within the bedded barte (fig. S1; zones 89-3a
[ 1L 11, and wone 89.3b of drll core PDP2B) are
strongly fractionated and have 5™ values as low a5
~22.6%0. The &S values overlap with those of
previous studics, in which the mean §7S of macro-
scopic sulfide laminates (0.9 + 1.5 and —2.4%. +
0.8) were interpreted as unfractionated volcanopenic
sulfur (/, 23), and highly **S-depleted microscopic
sulfides within bedded barie between —1.3 and
—16.8%0 were afinbuled o sulfale-reducing mi-
croorganisms (/).

Our A™S data (22) (Fig 3, A to C, and tables
52 and S3) show distingt variations in mass-
independent fractionation of sulfur sotopes (MIF-5)
among the different units. Sedimentary sulfides
from bedded cabonates and voleanoclastic sand-
stones exhibit positive A™'S anomalics of 10 +
0.6%e. By contrast, the bedded barite analyzed
displays a negative A™'S value of =1.2%., which i
similar to that found in (/2) (A™S = —1.0 + 0.1%
for both bedded and vein bantes) Most (95%) of
the microscopic sulfides n bedded barite have posi-
tive A™'S anomalies of +2.3%a+ 1 8. Intermediate
these, the mn::rmm?ju sulfide laminates (+0.4%. +
0.8) show both +A™S and =A™S anomalies. The
presence of positive and negative A™'S anomalies
indicates that the source of sulfur in the dhert-barite
unit had cycled through the atmosphere and was
introduced to the ocean 1o be subsequenty incompo-
rated in the seafloor sediments as insoluble elemental
sulfur (5°, represented by sulfides in bedded
carbonates and volcanoclastic sandstones) or decper
into the sedimentary succession as soluble sl fae
{represenied by barite in the bedded and vein barite).

The observed positive A™'S of the sedimentary
sulfides (Fig. 3A), macroscopic sulfide laminates
(Fig. 3B), and microscopic sulfides (Fig. 30)
requires reactions involving §". The initial 57 of
S" that reached the ocean floor is unknown. This
value can be constrained i we assume that the SO
photolysis amay at UV radiation of wavelength 193
nm documented for the Early Archacan (J3) can be
used to establish the array on which both initial 8"
and SO, must lie (Fig. 1). We used the mean §S
(+4.7%a) and A™'S (—1.0%0) values of barite (fig.
S2) (4, 12, 23) as a point of reference for the precise
alignment of the theoretical 193-nm armay (Fig. 3, A
to C) and determined that the initial 8" must have
had a §™S between —3 and +3%.. Most sulfides
with positive A*'S anomalics show a limited mnge
of 8™ values, with fractionation relative to the S”
sounce between 0 and —7%e. These sulfides could
have formed through abiologic reduction or
disproportionation of clemental sulfur o sulfide
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during hydrothermal alteration, which can produce
'S isotope fractionations of only a few per mil at
temperatures below 300°C [<6%a for S"FeS;
reduction (24), and <3%. for S" disproportionation
{25)]. Altematively, microbial reduction of demen-
tal sulfur to HyS, which does not produce notable
isotopic fractionation (26), could also explain the
negligible S depletion of these sulfides,

The microscopic sulfides within the well-
preserved barite crystals (zones 84-6, 89-3b, and
o microscopic sulfides of zone 89-3a in drll
core PDP2B: zone 96-6 of dnll core PDP2C)
have ™8 and A™S values that lie on a well-
defined amay (broken line in Fig. 3C) parallel to
the experimentally determined 193-nm MIF-S
amay, This finding supports the view that the
193-nm radiation was the dominant UV source
during the Early Archacan (/3),

Other microscopic sulfides (fig. S1; z2ones 89-3a
1,11, and TII and zone 89.3b of drill core PDP2B)
are depleted in 85 by as much as ~23%. relative
to the 8" source (Fig. 3C). Most of these strong|y
S depleted microscopic sulfides show positive
A™S anomalies and therefore cannot be explained
by microbial sulfale reduction, as they would
necessarilly display negative (SOy-derived) AYS
anomalies, not positive (S"-derived) A™S anom-
alies. Based on the same line of reasoning. certain
abiologic reactions can be ruled out as well. The
reduction of S0 in the presence of a metal catalyst
during low-temperature (<350°C) hydrothenmal
circulation (24) can lead to sulfides with a strong
8 depletion. Such sulfides, however, would also
inherit a negative AYS, not the observed positive
A™S, Another abiologic process—low- to medium-
temperature (<400°C) hydmolysis of SO- in rela-
tively oxidizing magmatic fluids (27)—can be
ruled out as well because it implies a common
origin of the reaction producis and therefore
requires that both sulfides and surrounding sul-
fates display the same AMs anomaly.

Three microscopic sulfides display a negative
A™S (zone 89-3a in drill core PDP2B) (Fig. 3C).
These microscopic sulfides could be the product of
microbial 80 reduction, abiologic SOy reduction
associated with low-temperature  hydrothenmal
circulation, or both, A micobial orgin of such
microscopic sulfides thercfore cannot be ruled ouwl
but is controversial, and strongly depends on the
inferred depositional environment: either shallow
maring evaporile (/) or hydrothenmal deposit (28).

Thus, microbial processes mvolving S” hest
explain the large range of 7S fractionations
recorded by the microscopic sulfides with positive
AYS anomalics. As shown above, these §5S
fractionations are higher than the range of frmdtiona-
tions observed for modem sulfurreducing microbes
(26). Microbial disproportionation of 8" to H,S and
S04~ can lead 1o a depletion in ™S by up to 16%e,
and most dispropotionating oganisms  produce
fractionations smaller than 8% (/7, 29), Consortia
of different types of sulfur-metabolizing organians
(8" disproportionators versus H.$ oxidizers), how-
ever, could have driven the 6*S down during re-
peated cycling of this S” source. Such a process is

14 SEPTEMBER 2007 VOL 317 SCIENCE

0 #‘.ﬁ—v’ -
Mo

Fig. 3. Multiple=sulfur isotopic
compositions of sulfides and sul-
fates of drillcore samples PDP2B
and PDP2C. Variations of §**S with
AP for individual sulfide analyses
with the ion microprobe are shown
as small symbols with 2o error bars
and for bulk barite and sulfide se-
parates analyses as large symbols
with error included in the symbol
size. The 193-nm array refers to
the UV-driven photolysis array at
193 nm defined in Fig. 1 (13) and

183 nm armay

* Barite
L(E0y)

=20 ~-10 0

10 s aligned by the mean §*S and

Macroscoplc
sullide laminates

A™S values of North Pole barite.
Bulk isotope analyses of barite [iso-
lated white circle (this study) and
cluster of white circles from (12)]
are shown in all diagrams for
comparison. (A Sulfides from the
sedimentary sequence [bedded car-
bonates (squares) and volcano-
clastic sandstones (diamonds)].

123 nm array

(B) Macroscopic sulfide laminates
mantling barite in bedded barite.
{C) Microscopic sulfides in barite

o crystals from the bedded barite.
L The black arrow indicates the frac-

tionation trend assodiated with
microbial elemental sulfur dispro-
portionation coupled to an in-
organic or microbial oxidative
metabolic pathway (see text). The
white arrow points to fractiona-
tions produced by inorganic re-
duction or disproportionation,

Microscopic suffides

and/or microbial elemental sulfur
reduction.

o :
* Barile
2 [50y)
.

-1.0 . 0
&S (%)

-20

described by Canfield and Thamdrup (37) to explain
the discrepancy between the isoiopic compositions
of sedimentary sulfides recorded n a broad range of
environments and the known magnitude of fraction-
atiors poduced by natural populations of sulfur
processers, A qualitative model for &5 depletion
by this process is shown in Fig 4A. Sulfate
produced during S” disproportionation would
immediately react with Ca or Ba to form gypsum
or barite, mespectively. This biologically denved
gypsum or barie with a positive A™'S anomaly
nhenited from parent clemental sulfur will be
instantancowsly mixed with a large reservoir of
evaporative gypsum or hydrothermal bariie with
negative A™'S anomalies. The exient o which other
intermediate sulfir species, such as 8,057 and
S0, would have formed durmg this process is nol
clear (Fig. 4B). Microbial reduction or dispropor-
tionation of SO;*~ can cause S depletion as low as
=33%o (31, 32yand =37%a (10, 17}, respectively. We
conclude, basedon the overall positive A™'S of these
microscopic sulfides, that the ulimate source for this
metabolic sulfur-cycling was atmospherically

10

derived S”, not atmospherically derived SO, After
reaching the ocean floor, insoluble particulate S”
was incorporaied in synsedimentary  evaporitic
gypsum () and'or hydrothermally emplaced barites
{28). Such panticles provided a solid subsirate to
which elemental sulfur disproportionators could
atiach (33) and use Hi, CH,, or organic come
pounds as an electron donor to form HaS (9, 34).
This H,5S could have been oxidized back o 8" by
biologic [eg., anoxygenic photosynthesizers
(3] or abiologic reactions.

The basal positions of sulfur and sulfate metab-
olizers in the phylogenetic trec has lad to the
conclusion that these organisms could be among
the most ancient of our ancestors (¥, 34, 35). A1
present, no defailed information from gene se-
quencing is available for the decp branching in the
phylogenetic tree of sulfur-disproportionating me-
tbolism, The combined §%S and AYS data
presented here, however, suppont the early origin
of this group of organisms. Although only this
form of sulfur metabolism can be successfully
traced in this Early Archacan environment, several
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Fig. 4. Possible pathways
of microbially mediated T
sulfur transformations and
associated isotope fractio-
nations based on (1I)
and (30). (A} Qualitative
representation describing
how S° disproportiona-
tion would lead to iso-
topically depleted H,5
and isotopically enriched

50,. The H,5 that forms
in this way can be re-

oxidized by inorganic "

Processes or anoxygenic /
photosynthesizing orga- /

\
'\.
: ; F
nisms (11}, leading to the : Gﬁﬁ }-SED 5 N

formation of intermedi-
ate compounds such as !

5", The isotope fraction- !
ation associated with I

bactedal or inorganic -
oxidation of H,S to §°

H.S

is minor compared to

s® disproportionation

(24, 26). Progressive

disproportionation-oxidation steps will increase the **S depletion between H,S and the initial 5°
reservoir by 20 to 30%.. (B) The role of other intermediate sulfur species such as 5,0;% and 50,2
in this Early Archaean environment is not clear, but it is possible that a complex consortium of
sulfur-metabolizing organisms coexisted that included the cycling of these intermediate species.
The three different disproportionation reactions involving 5°, 51032 -, and 5057~ are (45° + 4H,0 =

3H,5 + 50,7 + 2H"), (505" + H,0 = H,5 + 50,°), and (450,

other forms of sulfur-based life could have been
active at this time, including sulfide reducers, sul-
fide oxidizers, disproportionizers that used thiosul-
fate, or sulfile and sulfute reducers, Multiple-sulfur
solope analyas would be unsble o trace the
activity of clemental sulfur reducers, The preserva-
tion of a non-S4ractionated aray of microscopic
sulfides parallel to the 193-nm MIF-5 army may be
viewed as evidence for the early existence of §”
reducers cohabitating with 8 disproportionators.
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Current-Induced Magnetization
Switching with a Spin-Polarized
Scanning Tunneling Microscope

5. Krause,*5 L. Berbil-Bautista,*t G. Herzog, M. Bode,{ R. Wiesendanger

Switching the magnetization of a magnetic bit by injection of a spin-polarized current offers the possibility
for the development of innovative high-density data storage technologies. We show how individual
superparamagnetic iron nanoislands with typical sizes of 100 atoms can be addressed and locally switched
using a magnetic scanning probe tip, thus demonstrating current-induced magnetization reversal across a
vacuum barrier combined with the ultimate resolution of spin-polarized scanning tunneling microscopy.
Our technigue allows us to separate and quantify three fundamental contributions involved in
magnetization switching {i.e., current-induced spin torque, heating the island by the tunneling current,
and Oersted field effects), thereby providing an improved understanding of the switching mechanism.

he increase of hard disk and memory
capacities is a result of continuously de-
creasing bit sizes, For example, the area of
one bit in today’s magnetic hard disks is on the
order of (60 nm ¥ . Two distinet effects are used (o

read and write information: The giant magneto-
resistive effect is used for reading, whereas writ-
ing is done by a magnetic field. When exceeding
a cerain limit of bit density, however, switching
the magnetization of one bit may also affect the
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magnetization of nearby bits because of the non-
local character of magnetic ficlds, thereby acciden-
tally destroying stored information. One solution
may be the substitution of magnetic switching
fields by a spin-polarized current locally exerting
a magnetic torgue that leads to the reversal of
magnetization at sufficient curment density, as has
been proposed theoretically (f, 2) and demon-
sirated experimentally based on lithographically
fabricated nanopillar devices (3-7). This tech-
nique is expected to strongly reduce the circuil
complexity and enable a furher miniaturization
of data storage devices, because the same elec-
trical line to address a bit could be used to read
information at low currents (by measuring the
magnetoresistance) and write information at high
currents (by the spin-torque effect).

Spin-polarized scanning tunneling microcopy
(SP-STM) (8. ¥) is a powerful tool used to deter-
mine the magnetization state of nanosiructurcs
with spatial resolution down o the atomic scale.
In addition, the same SP-STM tip that reads out
the magnetization information at low wmneling
currents may also serve as a highly localized
source or drain of spin-polarized clectrons athigh
wnneling currents, thereby locally exering a
magnetic torque that can reverse the magnetiza-
tion of an individual monodomain nanoparticle.
We report on experiments investigating the effect
of high (up to 2 pA) spin currents unneling
through a vacuum barrier. Estinating a lateral
resolution of 5 A (70, we achieve local current
densities of up o 2.5 x 10° Afem?®. Fe nano-
islands at the superparamagnetc limit are observed
that, because of thermal aguation, switch their
magnetization between two degenerate states
(M1, 12). With increasing current, we observe a
marked lifetime asymmetry of the two otherwise
degenerate onentations, thereby  demonstrating
that a single scanning wnneling probe can com-
bing reading and writing capabilities at high
lateral resolution,

SP-5TM also grants an ideal tunneling mag-
netoresistance (TMR) device with vacuum
serving as an insulating barrier, thereby exclud-
ing any struciural inhomogeneities or interface
imperfections known from lithographically fab-
ricated junctions. The high spatial resolution of
current-induced magnetization switching (CIMS)
with SP-5TM also provides insight into the de-
tails of the processes involved in the magnetiza-
tion reversal being inaccessible in experiments
with buried interfaces. In general, the switching
process can be desenibed within a simple macro-
spin model. However, it was found that in some
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cascs this model fails and has to be extended
to the combined action of spin injection and
the Oersted field that is induced by any flowing
current (£3). Our experiments on the spatial dis-
tribution of the lifetime asymmetry at high spin-
polarized wnneling cuments allow us to clearly
separate and quantify spintorque effects and in-
fluences of the Oersted field.

The SP-5TM experiments were performed in
an ulrahigh vacuum (UHV) system, with a prep-
aration chamber for tip and sample treatment and
an analysis chamber for sample surface charac-
terization. A salellite of the analysis chamber
contains a home-built vanable-temperature scan-
ning tunneling microscope with a current ampli-
lier suitable for high-curment applications. In both
chambers, the base pressure is below 107" mbar.
A W10) substrate was cleaned by cycles of
annealing [temperature (T) = 1500 K] in oxygen
and a subsequent high-temperature flash (77 =
2300 K) in UHV. About 0,14 atomic layers (AL)
of Fe were evaporated from an e-beam- heated
rod at a rate of 1.2 AL per minute at pressure P =
2 % 107" mbar onto the substrate held at room
temperature. This leads to the formation of pseu-
domorphic Fe islands with a height of a single

Fig. 1. (A) Topography
and (B) in-plane mag-
netic difdl/ map of Fe
monolayer islands on
W(110) measured at T =
56.0 K {parameters: [ =
2 nA, U= =200 mvV). A
dark or bright signal on
the islands represents a
magnetization direction
parallel or antiparallel
to the tip magnetization,
respectively. Stripes ap-
pear on small islands

atomic layer. Topographic STM images were
recorded in the constant-current mode. The dif-
ferential tunneling conductance dIfdL’ was mea-
sured by adding a small ac modulation vollage
(L poa = 40 mV) 1o the sample bias and detecting
the resulting modulation of the wnneling current
by lock-in technique, We used anti ferromagnetic
Cr-covered W tips, which exhibit no significant
stray ficld and arc sensitive to the in-plane sample
magnetization (/). The spin-dependent contri-
bution to the didL’ signal scales with cos a,
where « is the angle between the magnetization
directions of the tip, mry, and sample, ms (¥).
The topography of a 0.14-AL Fe/W(110)
sample at T'= 56 K (Fig. 1 A) shows monolayer
islands of typical diameters between 2 and 6 nm.
These islands are ferromagnetic, with an in-plane
easy axis along the [1T0] direction (77, 12), and
because of their small sizes, they are mono-
domain particles. Whereas the Curie temperature
of the extended monolayer is about 220 K (/5),
the magnetic df/dl image (Fig. 1B) shows that
the nanoislands do not exhibit a stable magneti-
zation. A high (bright) or low (dark) df/dL signal
represents a magnetization oriented parallel or
antiparallel with respect o the magnetization of

{for example, in the inset) because they switch their magnetization state frequently,

state "1°—
state "0"— -

B (T
6| 2000 nA ¢

T |‘1 | I_ iE
| I
1 |
M= 2000 nAl¥ Y Jro /ol b4

k-

| Iil ;f 1l—.iﬁ£
Moy g 15

o 1

1.00 1.05

1.10
MNormalized diidU sigral

2 3 4 ]
Tirme [s]

Fig. 2. (A) Trace section of the
time-dependent magnetic di/dl/
signal of one particular nano-
island (island area: 5.7 + 0.4 nm?)
recorded at different tunneling cur-
rents [ (T=48.4 K, U/ = -200 mY,
Ey= 138 = 4 meV). (B) Histogram
of the overall magnetic didy
signal normatized with respect to

the state “0" level at different tunneling currents. Whereas state “0" and state "1" are equally populated
at low currents, a substantial asymmetry toward state “0" can be recognized at high currents.
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Fig. 3. (A} Histograms of the A
lifetimes 11 and 15 of states “0"
and “1" measured at / = 1 nA
(top panel}) and / = 300 nA
(bottom panel) (T = 50.6 K, U =
=200 mV, £, = 133 + 4 me\;

10°

10'

I=1nA

T T T B
t,=168+7ms [e stale™"
¥ e state "0"

T, =162 £ 7 ms
1

island area: 5.5 + 0.4 nm®). A
decay function was fitted to the
experimental data (Gnes) result-
ing in the mean lifetime Tg,.
Tunneling current dependence of
(B) the mean lifetimes %, (gray

Incidence

10°

10"

lines are guides to the eye) and
(C) the mean lifetime asymmetry
a.. Fitting a; leads to a threshold

400
Lifetirne « [rms]

current of /, = 89 + 4 pA. Error bars in (A) to (C) indicate 5D.
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Fig. 4. (A) Topography and (B) map of the current-induced asymmetry ay as measured with a Cr-
coated probe tip at/ = 600 nA and U = +200 mV (island area: 6.7 + 0.6 nm?; T = 55.0 K. The plots
show ay aueraged in rows and columns: that &, along the [110] and [001] directions, respectively.

Although ay is

is constant within the error bar (SEM) along the [110] direction, it clearly reduces by about

156% from the left to the right side of the island {gray lines are guides to the eye). The schematic
illustrates the influence of the Oersted field with the tip positioned in the center (C), at the magnetic
poles (D), or at the charge-free side (E) of the nanoisland.

the atom at the tip apex. While mapping, the spin-
resolved dffidl’ signal on the islands frequently
switches. Aswe know from earlicr investigations
on similar sample systems (16, [7), such obser-
vations are characteristic for superparamagnetic
swilching, where the magnetization spontane-
ously reverses because of thermal activation.
We have recorded the magnetic dfidl/ signal
as a function of time, with the tip positioned
stationary above the central region of small Fe
nanoislands with a typical surface area of 7 nm’
{ie., consisting of about 100 atoms). All mea-
surements have been performed in the constant-
current mode, obtaining different unneling currents
by adjusting the tip-sample distance, For exam-
ple, the traces in the panels of Fig. 2A show 5 5
of the spin-resolved di/dL signal measured
on one particularisland at tunneling currents of

www.sciencemag.orq  SCIENCE VOL 317

I=2, 800, and 2000 nA, Figure 2B shows the
histograms of the magnetic d//dU signal recorded
over a much longer period (700 5) nommalized
with respect 1o the lower level at the different
tunneling currents. At a low wnneling current, the
dfidl) signal statistically switches between two
discrete levels: states *07 and “17 (top panel of
Fig. 2A). The respective hisiogram of Fig. 2B
reveals that both states occur with the same
probability. This finding is as expecled because
the two magnetization stales are energetically de-
generate and therefore should be populated equally.
As s increased, however, an imbalance between
states 0" and “* 1" builds up until one state clearly
dominales, as shown for f = 2000 nA. Further-
more, with increasing tunneling current, a
tendency of decreasing dfidl signal contrast is
observed. This decrease might be caused by a

1 c
7,=93+2ms 20
£, =57+2ms E
o =10

T T T I. m-t-
89 -2 o state 0"
T 0 o &
B e @ Ly
[ e
L e & &

distance-dependent polarization of the electronic
states involved in the tunneling process. Hence,
spin-polanzed wnneling currents lead o a splil-
ting of the two (otherwise degenerate) effective
activation bamriers separating the two magnetiza-
tion states, To quantify this imbalance, we fitted
each of the histogram peaks by a Gaussian with
the arca Ay . By defining the histogram asym-
melry ay = (A - Ao + Ag), we observe
asymmetries ay = —0.7 + 0L58%, -394 + 0.7%,
and =74 + 1% for /=2, 800, and 2000 nA, In
agreement with experiments on planar junctions,
an opposite spin-polarization was observed for
tunneling currents flowing in the opposite
direction { /8).

The microscopic processes causing the asym-
metries can be understood by a statistical analysis
of the lifetimes of states =0 and =1, 1, and 1, as
defined in the top panel of Fig. 2A. Figure 3A
shows lifetime histograms of 1, and 1, of one
particular Fe nanoisland measured at f= 1 nA
{top pancl) and [ = 800 nA (botiom panel) with
the same tip, Fitting with a decay law results in
the respective mean lifetimes Ty and 1. At low
wnneling current, Ty and Ty are very similar. A
different behavior is observed at high wnneling
currents, where the mean lifetime is found to
depend strongly on the relative magnetization
direction between the tip and sample. In this case,
for [ = 80 nA, one stale has a much higher mean
lifetime than the other. Plotting Ty and T) as a
function of the cument reveals a trend from equal
lifetimes at low current to an imbalance at high
current. Furthermore, the mean lifetime of both
states decreases with increasing current, an effect
that we attribute to Joule heating due 1o the high
wnneling current. Assuming that the energy of
the tunneling electrons is dissipated within about
I to 2 nm, which is in rough agreement with
known walues of the inclastic mean free path of
electrons (f¥), a simple model (20) indicates a
temperature rise of 0.3 to 0.6 K. Our SP-5TM
experiments on the emperature-dependent mag-
netic propertics of Fe nanoislands on W{110)
show a consistent behavior (i.¢., a switching rate
that roughly doubles every (.5 K). By defining
the lifetime asymmetry a, = (3 — oW1 + To)
we obtain values of up to -25% for / = 800 nA
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(Fig. 3C). The degeneracy of the effective ac-
tivation barriers is lified at high wnneling cur-
rents, and based on the Arhenius-like switching
behavior, the mean lifetimes T, can be ex-
pressed as (21, 22)

£ !
T._._,:ul'cxp[k“—';_(l - I_)] (1)
(4

where v, is the attlempt frequency, £, is the
effective activation barrier of the island at zero
current, &g 15 the Boltmann constant, [ denotes
the wnneling curent, and [, is the threshold
current to switch the magnetization at 7= 0 K.
Ey was determuned by a varaton of T from 50.6
to 48.5 K and derivation of the respective mean
lifetimes Ty ; at low wnneling currents (f = 1 nA).
For the particular island of Fig. 3. we find £, =
133 + 4 meV, leading to a threshold current of
I.= 89+ 4 pA Because such high cuments are
not realizable within the wnneling regime, we do
not expect o switch islands of the given di-
mensions at T = 0 K. Assuming an effective
tunneling area given by the lateral STM resolu-
tion, the comesponding threshold current density
is (113 + 5) % 10" Alem®. This value is, by two to
three orders of magnitude, higher than the cument
density used in similar experiments based on
TMR devices (23), which may be attributed to
the fact that, in contrast to planar junctions, the
current density is not distributed homogenously
on the whole nanoisland but acts very locally.
The splitting of the effective activation barrier AE
due to spin-torgue effects can be quantified by

b
AE = kuTIn e

(2)

-k,

where a, is the lifetime asymmetry. For £= 800
nA, the curmrent-induced spin torque leads o an
effective activation barrier splitting of AE= 13+
0.1 meV, which is only = 1% of £,

Using a SP-STM tip as the source or drain for
spin-polarized electrons, we were able to perfonm
spatially resolved measurements where the tip is
moved (o different sites of one particular nano-
island, allowing information of site-specific prop-
eries to be gained that cannot be obtained in
spatially averaging experiments performed with
nanopillars. Figure 4A shows the topography of a
nancisland consisting of about 100 atoms. While
scanning this island with f = 600 nA, we
measured the magnetic dfidl’ signal on cach of
the pixels for a duration of 12 s to calculate the
site-specific hisiogram asymmetry ay on the
basis of the comesponding datapoint histograms,
The result is shown in a colorcoded representa-
tion in Fig. 4B. In spite of the rather large sta-
tistical emor, a gradient along the [001] direction
can clearly be recognized. The effect can even be
analyzed quantitatively by averaging ay column-
and row-wise: that is, along the [1T0] and the
[001] directions, respectively. Whereas @y is
constant within the emor at about 42% when
moving the tip along the [1T0] direction, it clearly

14 SEPTEMBER 2007 VOL 317 SCIENCE

reduces by about 16% from the left o the right
side of the island. The lateral tip position ob-
viously may influence the switching behavior of
the nanoisland at high tunneling currents, as il-
lustrated in Fig. 4, C 1o E. Ifthe tip is positioned
above the island center, the influence of the
Oersted field along the [1T0] direction, which is
the easy axis of the nanoisland, cancels (Fig, 4C),
In this case, pure spin-current- induced switching
occurs, Likewise, no influence by the Oersted
ficld is expected if the tip is moved from the
center to either island edge along the [110] di-
rection (Fig. 4D) as the effective field acting on
the island is oriented perpendicular to the easy
axis. Only if the tp 1s moved from the center
along the [001] direction one magnetic stale is
favored over the other by the Oersted field (Fig.
4E). In this case, Oersted feld effects influence
the magnetic swilching behavior, dependent on
the tip position. A detailed analysis of the data
yields that the effective activation barrier
splitting of AE = =24 + 0.2 meV at the center
of the island is increased or decreased by up to
0.7 + 0.2 meV when moving along the [001]
direetion to either island edge. This finding
indicates that the magnetization switching is
dominated by the spin torque induced by
the spin-polarized current, whereas the in-
fluence of the Ocrsted field remains small. A
simple estimation of the energy splitting
caused by the Oersted ficld, as obtained by
integrating the expected field distribution of
an infinitely expanded current line over the
island arca, vields a Zeeman energy of up to
AEoersca =301 - B (rf) = 0.2 meV [ni] =
2.79ug (24)]', where m is the magnetic moment,
B is the Oersted field, r; is the position of atom 7,
and pg is the Bohr magneton. This estimated
value is somewhat lower than the experimenial
result,. We anrbute the difference to the over-
simplified geometry of our model,

Our SP-5TM studies provide insight into the
details of current-induced magnetization switch-
ing that has been inaccessible in experimenis

with lithographically fabricated wnnel junctions.
The ultimate lateral resolution of SP-STM com-
bined with CIMS promises innovative perspec-
tives for future data storage technologies.
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Global Pattern Formation and
Ethnic/Cultural Violence

May Lim,'? Richard Metzler,? Yaneer Bar-Yam*

We identify a process of global pattern formation that causes regions to differentiate by culture.
Violence arises at boundaries between regions that are not sufficiently well defined. We model
cultural differentiation as a separation of groups whose members prefer similar neighbors, with a
characteristic group size at which violence occurs. Application of this model to the area of the
former Yugoslavia and to India accurately predicts the locations of reported conflict. This model
also points to imposed mixing or boundary clarification as mechanisms for promoting peace.

ver the past 100 years, more than 100
Omilli{m people have died in violent con-
flicts (F). Of these deaths, a great number
are atiributable (o ongoing local conflict between
cullurally or ethnically distinet groups, A scien-

tific understanding of the underdying causes of

ethnic violence could lead to policy changes that
may help stop or preventit. The existing literature
2-13) [see also bibliography of ethnic and cul-
twral conflict in the supporting online materials
{14)] generally considers (i) the process by which
ethno-religious identity is established and if inter-
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ventions could diminish its importance relative to
more inclusive identities, and (1) control mech-
anisms of the state and of organizations of ethnic
groups and if interventions could strengthen the
state while subsuming or accommodating ethnic
groups within state authority. More specific so-
cial and economic factors identificd in the litera-
ture as contributing to violence include oppression
of minoritics, cconomic grcvances, historical prec-
edents, compatition for resources, favoritism, avail-
ability of resources for vielence, security fears,
mobilization by elites, weak social ties, national
ethme diversity, temitonal claims, religious or po-
liical polanzation, incendiary media, and inter-
national influences. Although most of these studies
consider national conditions, a few consider lo-
cal violence to identify the role of local socio-
cconomic or geographic factors (7-9). Here, we
focus on an aspect of spatial population structure
that has been neglected so far; we analyze the
zlobal patiem of violence and propose that many
instances arce consistent with the natural dynam-
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Waltham, MA 02454, USA. "Massachusents Institute of
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Fig. 1. Simulation of type separation with two types of agents [(A) to (E) show
the system at 8, 64, 512, 4096, and 32768 attempted moves per particle,
respectively]. The shape of domains {as characterized by the rescaled structure
factor amplitude squared) remains constant after an initial transient (F), and

www.sciencemag.org  SCIENCE

1cs of type separation ([5-/&), a form of pattem
formation (f ¥} also seen in physical or chemical
phase separation. Violence arises due o the struc-
ture of boundaries between groups rather than as
a result of inherent conflicts between the groups
themselves. In this approach, diverse social and
cconomic causal factors irigger violence when
the spatial population structure creates a propen-
sity to conflict, so that spatial heterogeneity itself
is predictive of local violence. The local ethnic
patch size serves as an “order parameter,” a mea-
sure of the degree of order of collective behavior,
to which other aspects of behavior are coupled.
The importance of collective behavior implies that
ethnic violence can be studied in the universal
context of collective dynamics, where models
can identify how individual and collective be-
havior are related.

A simple model of type separation is shown
in Fig. 1, A o E The dynamics of this model
assume that individuals preferentially move to
arcas where more individuals of the same type
reside (/4). The resulting dynamics lead to pro-
gressively larger patches (“islands™ or “peninsu-
las") of each type. The average size of patches at
a particular time can be obtained by a number of
different methods, We used overlapping spatial
waves that represent the spatial variation of the
population density. Fach wave makes a contriba-

conflict.
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S(k,1) k2 max(t)

tion proporional to its comrelation with the pop-
ulation density (the structure factor or Fourier
ransform). The wavelength of the wave that has
the maximum amplitude gives the average size of
the paiches. Other methods of obtaining the size
of paiches give similar results, The size of the
patches grows as a characteristic power of time
{Fig. |F, insct). This behavior has been proven (20
1o be a “universal behavior™ that does not depend
on many of the details of the model and therefore
may be relied on to describe a large variety of
systems of interacting elements; in pantioular, simi-
lar models have been used o desenbe the relation
of chemical mteraction energies and chemical
precipitation or phase separation (2f, 22), The
universal propertics of the patterns upon rescal-
ing of length and time also imply that a number
of individual agents of the model can be
ageregated into a single agent if time is rescaled
comespondingly without changing the behavior
al the larger scales (Fig. 1F) Thus, it is possible
to consider a model agent to represent a local
population, and it is not necessary to model the
behavior of each individual—an impractical
undertaking.

To model violence, we assume that highly
mixed regions do not engage in violence, and
neither do well-segregated groups, an intuitive
hypothesis with empirical support (7). The analy-
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the average size of clusters grows as a power law [inset of (F)] (14). Patchesof a
certain size that are surrounded by the other type are highlighted by red
shading overlay in (A) to (E). We identify such regions with a high likelihood of
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515 15 applicable to communal vieolence and not to
crminal activity or interstate warfare. In highly
mixed regions, groups of the same type are nol
large enough to develop strong collective identi-
ties, or to identify public spaces as associated with
one or another cultural group, They are neither
imposed upon nor impose upon other groups,
and are not perceived as a threat to the cultural
values or social/political self-determination of
other groups, Partial separation with poorly de-
fined boundaries fosters conflict. Violence arises
when groups are of a size that they are able 1o
mmpose cultural norms on public spaces, but where
there are soll intermitient violations of these rules
due to the overlap of cultural domains. When
groups are larger than the cnitical size, they typi-
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Fig. 2. (A) Census data from 1991 shown here in map form were
converted into a spatial representation and used in an agent-based
simulation shown in (B). Our prediction of populations likely to be in
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cally form self~sufficient entitics that enjoy local
sovereignty. Hence, we expect violence o anse
when groups of a certain characteristic size are
formed, and not when groups are much smaller
or larger than this size. The model of violence
depends on the distnbution of the population and
not on the specific mechanism by which the
population achieves this structure, which may
include internally or externally directed migra-
tions. By focusing on the geographic distribution

of the population, the model secks a predictor of

conflict that can be casily determined by census,
This may work well because geography is an 1im-
portant aspect of the dimensions of social space,

the dynamic coarsening process is universal, and
isolation-

other aspecis of social behavior (c.g.,
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B Serbs
M Croats

1sm, conformity, as well as violence) are come-
lated to 1L

The predictor that we identify based on spatial
census data need not describe the immediae social
or institutional wiggers of violence, only the
conditions under which violence bocomes likely.
Previous mescarch aming o chamcierize ethnic
conflict by census data has focused on measures off
ethnic or religious “frapmentation™ (23-27). Such
measures characterize the diversity of a country
without reference o its spatial structre, i.c. the
overall proportions of ethnically distinet groups in a
country. They are therefore distinet from the spatial
chamcterzation of our study, The liermture 1s
divided about whether or which comrelations exist
with measures of national ethnic compositon. We

B Muslims
B Albanians

conflict with neighboring groups [red overlay, (C) and (D)] agrees well
with the location of cities reported as sites of major fights and massacres

WWW.SCIENcemag.org




find, however, that the spatial distribution of ethnic
groups is a stong predictor of locations of violence.

Mathematically, the expected vioknce was de-
termined by detecting patches consisting of islands
or peninsulas of one type surounded by popula-
tions of other types. We detected these featurss by
comelation of the population for cach population
type with a template that has a positive center and a
negative suround, To illstrate the effect of this
correlation, for a panticular template size, the
maximum correlation over population types is
superimposed as a red overlay in Fig 1, A w E
Over time in this simulation, the paich size starls
smaller, then passes through and becomes larger
than the template size chosen. The specific tem-
plate that we used is based on a wavelet filter
(14, 258-30). Wavelets are designed to obtain a
local measure of the degree o which a certain scale
of variation (wavelength) is present. Oulcomes are
highly robust, and olher emplates give similar
results Civen the universality of the dynamic
behavior, the diameter of the positive region of the
wavelet, i.e., the size of the local population patches
that are likely to expedence violence, i the only
essenlial parameter of the model. The parameter is
to be determined by agreement of the model with
reports of violence, though s we will see, the
agreement is mbust to vanation of the parameter.
The quality of the agreement provides a measure of
the validity of the model.

To ted the predictive ability of the model, we
performed simulations based on census data for the
former Yugoslavia and Indin. We assigned arcas of
pixclaied peopraphic maps pixel by pixel o ethnic
groups at random, but in proportion to their relative
population census in the region. Although this does
not reflect the physical geography or local mixing of

eroups in buildings and villages, over an arca of
multiple pixels it captures the regional composition
of the census. The pixelated map serves as the
begimning state for the agent model. For Yugoslvia,
census data from the carly 1990s before the outbreak
of confliat (37, 32), as shown in Fig. 2A, were
captured into an agent simulation (Fig, 2B),
which was used to obtain the regions ofexpected
violence shown in Fig, 2C,

We then obtained from books (2) newspapers,
and Intemet sources (see supporting online text) the
locations of meported violence for the area of the
former Yugoshvia Multiple independent sources
were used to provide validation for each location of
violence (/4). We consider these reports as indi-
cators of areas of actual violence, keeping in mind
possible bias and incompleteness and that areas of
widespread vioknoe are identified only by local
urban centers. In comparing such reports with mod-
ol prodictions, we note that the model identifies
locations of groups of a particular size, but the loca-
tion of the actual violence should occur somewhen:
in the arca between adjacent groups. Despite these
caveats, overdaying the locations of meported and
predicted violence in Fig. 2D demonstrales a
sirnificant ability of our simple model to idmtify
regions of reported violence. We performed statis-
tical analyses comparing the predicted to the re-
ported violence, evaluating the ability of the model
to determine both where violence oceurs and where
violenee does not ocour. For comparison. we ran-
domized the locations of reported violence, We
defined “conflict proximity™ as the distance betwem
a given position and the nearest location of violence
(pradicied, reponted, or mndomized). We ciloulated
Pearson's comelation and other statistical measures
between the proximities of predicted and reporied
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Fig. 3. (A and B) Spatial representation of Indian census data from 2001 of six indicated groups was
converted into an agent-based simulation shown in (C). Our prediction of conflict-prone areas [red areas
in (D)) agrees with states where major ethnic violence has been reported [red areas in (E)] between 1999
and 2002, with the red shading intensity corresponding to the rank order of states by number of incidents.
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violence, and compared them with the same mca
sures in relation to randomized reponts. We found
that the model has a correlation of 0.9 with reports
(089 o twio significant digits), a level of agreement
not reached in any of 100,000 randomized trials.
Morcover, the predicled results are highly mobust io
paramcter vadation, with essentially equivalent
agreamant obtained for filter diameters mnging from
18 to 60 km, a range thal is n agreement with
inwition about the size of conflict arcas, Below or
above this range, poorer agreement occurs. Details
are provided in the supporting onling text.

We studied conflid in India as a second case
study of the ethnic violence model. We constructed
a spatial representation of India on a distnct level
from maps al www.censusindia.net and obtained
the distribution of ethno-cultural groups from the
2001 Census data at www.indisstateom. The re-
sult can be seen in the form of three-color maps in
Fig. 3, A and B, representing the rlative densitics
of Hindus, Muslims, Christians, Sikhs, Buddhists,
and Others {primarily Jains). The agent model is
shown in Fig. 3C and the prediction of ethnic vi-
olence is indicated in Fig 3D. Predictions cor-
respond very well 1o the primary locations of
“extremist” violence of govemment reports
given by indiastatcom (Fig. 3E) and confirmed
by independent sources (/4), particularly in
Kashmir, Punjab, and the states of Northeast India.
Some additional areas of lesser violence were also
predicted by the model, particularly Jharkhand
an eastemn state created in 2000 that has recently
expaienced some violence (J4, 33). Consistent
with predicted results, the violence n this region is
not i prevalent as in other violenceprone areas of
Indin Statistical correlation measurcs of conflict
proximity yield a comelation of 0.998 when the
threshold is set above the wvalue of predicied
violence in Jharkhand. If the threshold is set low-
er, so that violence in Jharkhand is included in
predicted but not in reponted cases, the comelation
falls w 092, Including reported violence in
Jharchand when comparing at the lower threshold
increases the comelation to 0.98. Additional details
are provided in the supporting onling iext. The
range of filler diameter values for which good
agreement was obtained overlaps that of the former
Yugoslavia. However, it is shified to larger values,
up to ~100 km, This may reflect not only the larger
granularity of data, but perhaps also the effect of
violence itself on separation. Unlike Yugoslavia, in
India the census was performed during ongoing
violence. Because violence accelarates the process
of separation, groups in conflict are likely o have
sepamted substantially and reflect the high end
of group sizes susceptible to violence,

Governmental and nongovemnmental organi-
zations are devoling increasing attention 1o the
prevention of magpor conflict (34). Under some
circumstances, social and institutional factors that
affect violence might serve o suppress the irig-
gering of violence without changing the spatial
siructure of the population. However, influencing
the spatial structure might address the conditions
that promote violenee deseribed here. Such ap-

14 SEPTEMBER 2007



REPORTS

proaches have been and are bemg considered. For
example, n Singapore, where 84% of the popu-
lation lives in public housing (35), regulations that
explicitly recognize the role of spatial segregation in
seclarianism specify the percentage ofethnic groups
to occupy housing blocks (34). This legally
compels ethnic mixing at a scale finer than that
which our study finds likely to kad o violence,
Given the natural tendency toward social separa-
tion, mainkining such mixing requires a level of
authoritananism that might not be enterained in
other locations. Still, despite social tnsions (37),
the current absence of violence provides some
support (o our amalysis. The atermative approach
aiding m the separition process by establishing
clear boundaries between cultural groups o
prevent violence—has also gained recent atten-
tion (38, 39). Although further studies are
needed, there exist assessments (39) of the impact
of historical partitions in lreland, Cyprus, the
Indian subcontinent, and the Middle East that
may be consistent with the understanding of type
separation and a ecritical scale of mixing or
separation presented here.

The insight provided by this study may help
infom policy debales by guiding our understanding
of the consequences of policy aliematives. The
purpose of this paper does not include promoting
specific policy options. Although our work re-
inforces suggestions to consider separation, we are
not diminishing the relevance of concerns aboul the
desirability of sepamtion or its process. Even where
separation may be indicated as a way of preventing
violence, caution is wamanted to ensure that the
goal of preventing violence does not become a
Justification for viclence. Moreover, even a peaceful
process of separation is likely to be objectionable.
There may be ways o positively motivate
separation using incentives, as well as to mitigate
negative aspects of separation that often include
displacement of populations and mobility barriers.

Owrresults for the range of filter diameters that
provide good statistical agreement between
reportied and predicted violemee in the former
Yugoslavia and India suggest that regions of width
less than 10 km or greater than 100 km may
provide sufficient mixing or solation to reduce the
chance of violence. These bounds may be affected
by a variety of secondary factors including social
and cconomic conditions; the simulation resolu-
tion may limit the accuracy of the lower limit; and
boundaries such as fvers, other physical barriers,
or political divisions will surely play a role. Sull,
this may provide initial puidance for strategic
planning. Identifying the nature of boundaries to
be established and the means for ensuring their
stability, however, must reflect local issues.

Our approach does not consider the relative
meris of culures, individual acls or mumediate
cawses of violence, but rather the conditions that may
promote violence. It is worth considenng whether, in
places where cultural differentiation is taking place,
conflict might be prevented or minimized by political
acts that create appropriake boundanes auiied o the
current geoculural regions rather than the existing

historically based state boundaries. Such bounda-
nes need not inhibit trade and commerce and need
not mark the boundaries of states, but should allow
each cultural group to adopt independent behav-
iors in separate domains, Peaceful coexistence
need not require complete integration,
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Crystal Structure of an Ancient
Protein: Evolution by
Conformational Epistasis

Eric A. Ortlund,** Jamie T. Bridgham,?* Matthew R. Redinbo,® Joseph W. Thornton®t

The structural mechanisms by which proteins have evolved new functions are known only indirectly.
We report x-ray crystal structures of a resurrected ancestral protein—the ~450 million-year-old
precursor of vertebrate glucocorticoid (GR) and mineralocorticoid (MR) receptors. Using structural,
phylogenetic, and functional analysis, we identify the specific set of historical mutations that
recapitulate the evolution of GR's hormone specificity from an MR-like ancestor. These
substitutions repositioned crucial residues to create new receptor-ligand and infraprotein contacts.
Strong epistatic interactions occur because one substitution changes the conformational position
of another site. “Permissive” mutations—substitutions of no immediate consequence, which
stabilize specific elements of the protein and allow it to tolerate subsequent function-switching
changes—played a major role in determining GR's evolutionary trajectory.

central goal in molecular evolution is to
Aundcmand the mechanisms and dynam-
ics by which changes in gene sequence
generate shifts in function and therefore pheno-

tpe (f, 2) A complete understanding of this

process requires analysis of how changes in protein
structure mediate the effedts of mutations on
function. Comparative analyses of extant proteins
have provided indirect insights into the diversifi-
cation of protein stucture (3-6), and protein
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enginecring studies have elucidated structure-
function relations that shape the evolutionary
process (7-11). To directly identify the mecha-
nisms by which historical mutations generated
new functions, however, it is necessary o
compare proteins through evolutionary time,
Here we report the empinical sructures of an
ancient protein, which we “resumeded™ (72) by
phylogenetically determining its maximum likeli-
hood sequence from a large database of extant se-
quences, biochemically synthesizing a gene coding
for the infered ancestrml protein, expressing it in
cultured cells, and determining the protein’s
structure by x-ay crystallography. Speaficaly, we
investigated the mechanistic basis for the functional
evolution of the glucoconticoid receptor (GR), a
hormone-regulated transcription factor present in all
jawed vertebrates (/3). GR and its sister gene, the
mincralocorticoid receptor (MR), deseend from the
duplication of a single ancient gene, the ancestral
corticoid receplor (AncCR), deep in the varlebrale
lineage 450 million years ago (Ma)(Fig. 1A)(/3).
GR i activated by the adrenal sterid cortisol and
regulates stress reponse, glucose homeodasis, and
other functions { 14). MR is activated by aldosterone
in tetmpods and by deoxyeorticosterone (DOC) in
teleosts o control electrolyte homeostasis, kidney
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Fig. 1. (A) Functional evolution
of corticosteroid receptors. Dose-
response curves show transcrip-
tion of a luciferase reporter gene

by extant and resurrected ances-

g &

Fold activation B
&

0

and colon function, and other processes (/4). MR is
also sensitive o cortisol, though considerably less
50 than to aldosterone and DOC ([3, [5).
Previously, AncCR was resurrected and found 1o
have MR-lke sensitivity to aldosterone, DOC, and
cortisol, indicating that GR's cortisol specificity is
evolutionarily derived (/13).

To identify the structural mechanisms by
which GR evolved this new function, we used
x-ray crystallography to determine the structures
of the resurrected AncCR ligand-binding domain
(LBD) in complex with aldosterone, DOC, and
cortisol (J6) at 1.9, 2.0, and 2.4 A resolution,
respectively (table S1). All structures adopt the
classic active conformation for nuclear receptors
(7). with unambiguous eleciron density for each
hormone (Fig. 1B and figs. 81 and 52). AncCR's
structure is extremely similar to the human MR
[root mean square deviation (RMSD)= 0.9 A for
all backbone atoms] and, to a lesser extent, to the
human GR (RMSD = 1.2 A). The network of
hydrogen-bonds supporting activation in the
human MR (/&) is present in AncCR. indicating
that MR's structural mode of action has been
conserved for =400 million years (fig. 53).

Because aldosterone evolved only in the
tetrapods, tens of millions of years after AncCR,
that receptor’s sensitivity to aldosterone was
surprising (/3). The AncCR-ligand structures
indicate that the receptor’s ancient response o
aldosterone was a structural by-product of its
sensitivity to DOC, the likely ancestral ligand,
which it binds almost identically (Fig. 1C). Key
contacts for binding DOC involve conserved

tral receptors with varying doses
(in log M) of aldostercne (green),
DOC (orange), and cortisol (pur-
ple). Black box indicates evolution
of cortisol specificity. The number
of sequence changes on each
branch is shown (aa, replacement;
A, deletion). Scale bars, SEM of
three replicates. Node dates from
the fossil record (19, 20). For com-
plete phylogeny and sequences,
see fig. 510 and table S5. (B)
Crystal structure of the AncCR LBD
with bound aldosterone (green,
with red oxygens). Helices are la-
beled. (€ AncCR's ligand-binding
pocket. Side chains (<4.2 A from
bound ligand) are superimposed
from crystal structures of AncCR
with aldosterone (green), DOC
(orange), and cortisol (purple).
Oxygen and nitrogen atoms are
red and blue, respectively; dashed
lines indicate hydrogen bonds.
Arrows show C11, C17, and (18
positions, which differ among the hormones.

(4)
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surfaces among the hommones, and no obligate
contacts arc made with moieties at C11, C17, and
C18, the only variable positions among the three
hormones. These inferences are robust to uncer-
tainty in the sequence reconstruction: We modeled
cach plausible allemate reconstruction [ posterior
probability (PP) > 0.20] into the AncCR crystal
struciures and found that none significantly af-
fected the backbone conformation or ligand inter-
actions. The receptor, therefore, had the structural
potential to be fortuitously activated by aldoster-
ong when that hormone evolved tens of millions
of years later, providing the mechanism for evo-
lution of the MR-aldosterone partnership by mo-
lecular exploiiation, as described (/13).

To determine how GR's preference for contisol
evolved, we identified substitutions that occurred
during the same period as the shift in GR fundion.
We used maximum likelihood phylogenetics to de-
terming the sequences of ancestral receplors along
the GR lineage (/6). The reconstructions had strong
support, with mean PP =093 and the vast majority
of sites with PP =090 (tables 52 and S83). We
synthesized a cDNA for each recorstructed LBD,
expressed it in culured cells, and experimentally
characterized its homone sensitivity in a reporer
pone transcripion assay (J6). GR from the com-
mon ancestor of all jawed ventcbrates (AncGRI in
Fig. 1A) retained AncCR's sensitivity to aldoster-
one, DOC, and cortisol. Atthe next node, however,
GR from the commeon ancestor of bony veriehrates
{AncGR2) had a phenolype lke that of modem
GRs, responding only to cortisol. This inference is
robust (0 reconstruction uncertainty: We introduced

AncGR2

: AncGRI

104
: ﬁ
ol

“11-10 9 -B -7 &

AncCR

0
11 <10 G B T B
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plausible aliemative states by mutagenesis, but
none changed function (fig. S4). GRs specificity
therefore evolved durng the interval between these
two speciation events, ~420 o 440 Ma (/9. 20).

During this interval, there wene 36 substitutions
and one single-codon deletion (figs. S5 and S6).
Four substitutions and the deletion are consenved in
one state in all GRs that descend from AncGR2 and
in another state in all receptors with the ancestral
function. Two of these —S1068 and L111Q(2/)
wene previously identified as increasing cortisol
specificity when introduced into AncCR (13). We
iniroduced these substiiutions into AncGR1 and
found that they recapitulate a large portion of the
functional shift from AncGRI to AnclGR2, mdi-
cally reducing aldosierone and DOC  response
whike maintaining moderake sensitivity to cortisol
(Fig. 2A) the concentrations required for half-
maximal activation {ECs) by aldoserone and
DOC increased by 169- and 57-fold, respectively,
whereas that for cortisol mcreased only twofold. A
strong epistatic interaction between substitutions
was apparent: L1110Q albone had litle effect on
sensitivity to any hormone, but S106P dramatically
reduced activation by all ligands. Only the
combination switched meceplor preference from
aldosterone and DOC to cortisol. Introducing these
historical substitutions into the human MR vielded
a completely nonfunctional receptor, as did
reversing them in the homan GR (fig. S7). These
results emphasize the impoance of having the
ancesiral sequence o reveal the functional impacts
of historical substitutions.

To determing the mechansm by which these
two substitutions shift function, we compared the
structures of AncGRI1 and AncGR2, which were
generated by homology modeling and encrgy
minimization based on the AncCR and human
GR crystal structures, respectively (16) These
structures are robust 0 uncertainty in the recon-
struction: Modeling plausible altermate sates did
not significantly alter backbone conformation,
interactions with ligand, or intraprotein interactions.
The major structural difference between AncGR 1

Fig. 2. Mechanism for switching
AncGR1’s ligand preference from al-
dosterane to cortisol. (A) Effect of
substitutions 5106P and L1110 on the
resurrected AncGR1's response to hor-
mones. Dashed lines indicate sensitivity
to aldosterone (green), cortisol (purple),
and DOC (orange) as the ECsy for
reporter gene activation. Green arrow
shows probable pathway through a
functional intermediate; red arrow,
intermediate with radically reduced
sensitivity to all hormones. (B) Struc-
tural change conferring new ligand
specificity. Backbones of helices & and
7 from AncGR1 (green) and AncGR2

A

o

Fold activation

[ =T ¢ ]

AncGR1+
L111O , SR

-10 2 4

1 AncGR1

and AncGR2 involves helix 7 and the loop
preceding i, which contain S106P and L1110
and form part of the ligand pocket (Fig. 2B and fig.
58). In AncGRI and AncCR, the loop’s position is
stabilized by a hydrogen bond batween Ser'™ and
the backbone carbonyl of Mat'". Replacing Ser'™
with proling in the derived GRs breaks this bond
and introduces a sharp kink into the backbone,
which pulls the loop dowmward, repositioning and
partially unwinding helix 7. By destabilizing this
crucial region of the receptor, S106P impairs
activation by all ligands. The movement of helix
7, however, also dramatically repositions site 111,
bringing it close to the ligand. In this conforma-
tional background, L1110 generates a hydrogen
bond with cortisol’s C1 7-hydroxyl, stabilizing the
receptor-hormone complex. Aldosterone and DOC
lack this hydroxyl, so the new bond & cortisol-
specific. The net effect of these two substitu-
tions is to destabilize the receptor complex with
aldosterone or DOC and restore dability in a
cortisokspecific fashion, switching AncGR2's pref-
erence (o that hormone. We call this mode of
structural evolution conformational epistasis, be-
cause ong substitution remodels the protein back-
bone and repositions a second site, changing the
functional effect of substitution at the latter,

Although S106P and L111Q (“group X for
convenience) recapitulate the evolutionary switch
in preference from aldesterone to cortisol, the
receptor refains some sensitivity to MR’s ligands,
unlike AncGR2 and extant GRs. We hypothesized
that the other three gnaly conserved changes that
occumed between AncGR1 and AncGRZ (L29M,
FORl, and deletion S212A) would complee the
finctional switch. Suprsingly, introducing these
“group Y™ changes inio the AncGR 1 and AncGR1 +
X hackgrounds produced completely nonfunc-
tional receptors that cannot activate transcription,
even in the presence of high ligand concentrations
(Fig., 3A). Additional epistatic substitutions must
have modulated the effect of group Y, which pro-
vided a penmissive background for their evolution
that was not yet present in AncGR.1.

1 ARCGRT+
S106P L1110

The AncCR crystal structure allowed us o
identify these permussive mutations by analyzing
the effects of group ¥ substitutions (Fig. 3B).
In all steroid receptors, transcriptional activity
depends on the stability of an activation-function
helix (AF-H), which is repositioned when the
ligand binds, generating the interface for tran-
scriptional coactivators, The stability of this
orientation is determined by a network of inter-
actions among three structural elements: the loop
preceding AF-H, the ligand, and helix 3 (/7).
Group Y substitutions compromise activation be-
cause they disrupt this network. S212A eliminates
a hydrogen bond that directly stabilizzes the AF-H
loop, and L29M on helix 3 creates a steric clash
and unfavorable interactions with the D-ring of
the hormone. FU81 opens up space between helix
3, helix 7, and the ligand: the resulting instability
is wransmitted indirectly to AF-H, impairing
activation by all ligands (Fig. 3B). If the protein
could tolerate group Y, however, the structures
predict that these mutations would enhance
cortisol specificity: L29M forms a hydrogen
bond with cortisol’s unique C17-hydroxyl, and
the additional space created by F98I relieves a
steric clash between the repositioned loop and
Met"™® stabilizing the key interaction between
Q111 and the C1 7-hydroxy! (Fig. 3B).

We hypothesized that historical substitutions
that added stability to the regions destabilized by
group Y might have permitted the evolving pro-
tein to tolerate group Y mutations and o complete
the GR phenotype. Structural analysis suggesied
two candidates (group Z): N26T generates a new
hydrogen bond between helix 3 and the AF-H
loop, and Q05L allows helix 7 to pack more
tightly against helix 3, stabilizing the latier and,
indireetly, AF-H (Fig. 3B). As predicted. intro-
ducing group £ into the nonfunctional AncGRI +
X + ¥ receptor restored transcriptional activity,
indicating that Z is permissive for Y (Fig. 3A).
Further, AncGR1 = X + ¥ + Z displays a fully
GR-like phenotype that is unresponsive to
aldosterone and DOC and maintains moderate

7

) — 8

(vellow) in complex with cortisol are
superimposed. Substitution S106P
induces a kink in the interhelical loop

1 10 -9 B F -8B

0

' cortisol

-11-10 9 8 -7 6
Hormone (log M)

5

of AncGR2, repositioning sites 106 and 111 (arrows). In this background, L111Q forms a new hydrogen bond with cortisol's unique C17-hydroxyl {dotted red line).
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cortisol sensitivity. Both N26T and QI105L are
required for this effect (table S4). Strong epistasis
is again apparent: Adding group £ substitutions
in the absence of ¥ has litde or no effect on ligand-
activated transcription, presumably because the
receptor has not vet been destabilized (Fig. 3A).
Evolutionary trajectorics that pass through func-
tional intermediates are more likely than those
imvolving nonfunctional steps (22), so the only
historically likely pathways to AncGR2 are those
in which the permissive substitutions of group Z
and the large-gffect mutations of group X occurred
before group Y was complete (Fig. 3C),

Fig. 3. Permissive substitutions in the A

Our discovery of permissive substitutions in the
AncGR1-AncGR2 intenval suggested that other
permissive mutations might have evolved even
carlier We used the structures to predict whether
any of the 25 substitations between AncCR. and
AncGRI (fig. 55) might be required for the recepior
to tolerate the substitutions that later yielded GR
function. Only one was predicted to be important:
Y27R, which is conserved in all GRs, stabilizes
helix 3 and the Bgand pocket by forming a cation-r
interaction with Tyr'” (Fig. 4A). When we reversed
Y27R in the GRAike AncGRl + X + Y + Z
adlivation by all ligands was indeed abolished (Fig,

REPORTS I

4B) In contrast, introducing Y27R into AncCR
(Fig. 4B)or AncGR 1 (fig. S9) had negligible effect
on the receptor’s response o any hormone, By con-
farring increased stability on a cucial part of the
receplon, Y2TR areated a permissive sequence envi-
ronment for substitutions that, millions of years kater,
remodeled the protein and yielded a new function.
These results shed light on long-standing issues
in evolutionary genctics. One classic question &
whether adaptation proceeds by mutations of large
orsmall effea (23). Our findings are consistent with
a model of adaptation in which large-cffect muta-
tions move a protein from one sequence oplinuwm

evolution of receptor specificity. (A) Hormmone sensitivity (ECsq,ni)
Effects of varous combinations of Receptor Aldosterone Cortisol Doc
historical substitutions on AncGR1's AncGR1 1.0{051.7) 6.4 {5.0,8.3) 0.5 (0,53,1.0)
transcriptional activity and hormone- AncGH1 + X 161.0 (119.2217.4)  16.0(B.0,31.9) 30.1 (17.9,50.7)
sensitivity in a reporter gene assay. AncGRI & ¥ - - s
Group ¥ (L29M, F98I, and 52124) abol- ANCGRT + XY . . .
ishes receptor activity unless groups X AncGR1 + Z 0.5 (02,14) 6.7 (4.5,10.0} 0.3{0.1.07)
(5106P, L111Q) and Z (N26T and ARCGR1 + XZ 2000 (174.42286) 2.9(1557) 22.4(11.244.7)
(105L) are present; the XYZ combina- AncGR1 + ¥Z - B57.7 (491.1,880.7)
AncGR1 & XYZ " 3083 (1357, 700.5)

tion yields complete cortisol-specificity.

The 95% confidence interval for each
ECsp is in parentheses. Dash, no aci- B
vation. (B) Structural prediction of
permissive substitutions. Models of
AncGR1 (green) and AncGR2 (yellow)
are shown with cortisol Group X and Y
substitutions (circles and rectangles)
yield new interactions with the C17-
hydroxyl of cortisol (purple) but de-
stabilize receptor regions required for
activation. Group Z {underlined) imparts
additional stability to the destabilized
regions. (C) Restricted evolutionary
paths through sequence space. The
corners of the cube represent states for
residue sets X, Y, and Z. Edges represent
pathways from the ancestral sequence
(AncGR1) to the cortisol-specific combi-

nation (+XYZ). Filled circles at vertices show sensitivity to aldosterone (green), DOC (orange), and cortisol (purple); empty circles, no activation. Red octagons, paths
through nonfunctional intermediates; arrows, paths through fundtional intermediates with no change (white) or switched ligand preference (green).

Fig. 4. Structural identification of A

an ancient permissive substitution,

(A) Comparisan of the structures of

AncCR (blue) and AncGR2 {yellow). ~\(
Y27R genemtes a novel cation-x

interaction in AncGR2 (dotted cyan AF-H

line), replacing the weaker ances-
tral hydrogen bond (dotted red)
and imparting additional stability Hi
to helix 3. (B) Y27R is pemissive (#

for the substitutions that confer GR
function. Reporter gene activation
by AncGR1 + XYZ (upper right} is
abolished when ¥Y27R is reversed
(lower right). (Left) Y27R has
negligible effect in the AncCR
badkground {or in AncGR1, fig. 59).
Green, orange, and purple lines
show aldosterone, DOC, and corti-

Fold activation

AncGR1+ XYZ

1109 8 7 6 5

20 AncGR1+XYZ+R27Y
154

104
5

sol responses, respectively. Green amows, likely pathway through functional intermediates.
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to the region of a differant function, which smaller-
effect substitutions then fine-tune (24, 25); permis-
sive substitutions of small immediate effect,
however, precede this process. The intrinsic
difficulty of identifying mutations of small effect
creales an ascertainment bias in favor of large-eiiect
mutations; the ancestral structures allowed us
isolate key combinations of small-ctfect substitu-
tions from a large set of hisiorical possibilities.

A second contentious issue is whether epistasis
miakes evolutionary histories contingent on chance
events (26, 27) We found several examples of
strong epistasis, where substitutions that have very
weak effeds in isolation are required for the protein
to lolemie subsequent mutations that yield a new
function, Such permissive mutations create “ridges”
connecting functional sequence combinations and
narrow the range of selectively accessible path-
ways, making evolution more predictable (28).
Whether a ridoe is followed, however, may not be a
determimnistic oulcome, If there are few polentially
permissive substitutions and these are nearly
neutral, then whether they will occur is langely a
matier of chance. If the historical “tape of life”
could be played again (29), the required pormissive
changes might not happen, and a ridge leading to a
new fundtion could become an evolutionary wad
nod taken,

Ouwr results provide insights into the structural
mechanisms of epistasis and the historical evo-
lution of new functions. GR's functional speci-
ficity evolved by substiutions that destabilized
the receptor structure with all hormones but
compensated with novel interactions specific o
the new ligand. Compensatory mutations have
been thought to oceur when a second substitution
restores a lost molecular interaction (39). Our
findings suppor this notion, bul in a reversed
order: Permissive substitutions stabilized specific
structural elements, allowing them to tolerate
later destabilizing mutations that conferred a new
function (%, [0, 37). We also observed a more
siriking mechanism: conformational epistasis, by
which one substitution repositions another resi-
due in three-dimensional space and changes the
effects of mutations at that site. [t is well known
that mutations may have nonadditive effects on
prodein stability (32), and fAtness (Y, 33), but we
arc aware of fow cases (//, 34) specifically docu-
menting new functions or epistasis via confor-
mational remodeling. This may be due o the lack
of ancestral structures, which allow evolutionary
shifts in the position of specific residues w be
determined. Conformational epistasis may be an
important theme in structural evolution, playing a
role in many cases where new gene functions
evolve via novel molecular inleractions.
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A Common Fold Mediates Vertebrate
Defense and Bacterial Attack
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Proteins containing membrane attack complex/perforin (MACPF) domains play important roles in
vertebrate immunity, embryonic development, and neural-cell migration. In vertebrates, the ninth
component of complement and perforin form oligomeric pores that lyse bacteria and kill virus-
infected cells, respectively. However, the mechanism of MACPF function is unknown. We
determined the crystal structure of a bacterial MACPF protein, Plu-MACPF from Photorhabdus
luminescens, to 2.0 angstrom resolution. The MACPF domain reveals structural similarity with pore-
forming cholesterol-dependent cytolysins (CDCs) from Gram-positive bacteria. This suggests that
lytic MACPF proteins may use a CDC-like mechanism to form pores and disrupt cell membranes.
Sequence similarity between bacterial and vertebrate MACPF domains suggests that the fold of the
CDCs, a family of proteins important for bacterial pathogenesis, is probably used by vertebrates for
defense against infection.

he membrane attack complex/perforin
(MACPF) domain was onginally identi-
fied and named as being common Lo five

complement proteins (C6, C7, C8a, T8, and
C9) and perforin (/-3) (fig. 51). These mole-
cules perform critical functions in innate and
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adaptive immunity. Despite limited sequence
similarity between their MACPF domains,
both perforin and C9 oligomerize and form
pores that cause cell lysis (/). Complement
factors C6 to C9 assemble to form a scaffold
[the membrane attack complex (MAC)] that
permits C9 polymerization into pores that
lyse Gram-negative pathogens, Perforin is
delivered by natumal killer cells and cyto-
toxic T lymphoeytes and forms oligomeric
pores (12 to 18 monomers) in the plasma
membrane of cither virus-infected or trans-
formed cells (4-7). Studies on these mole-
cules have shown that the MACPF domain
oligomerizes, undergoes conformational
change, and is required for Iytic activity
(8, 9).

Position-Specific lterated (PSI)-BLAST
searches (f0, 11} using the sequence of
MACPF domains identify =500 proteins with
significant expect scores. In addition to
proteins involved in invasion and defense
(12, 13), family members include nonlytic
proteins such as Astrotactin (/4) (ncural
migration) and Drosophila Torso-like protein
(13) (embryonic development). Functionally
uncharacterized MACPF proteins are also
evident in pathogenic bacteria such as
Chiamydia spp. (11 and Photorfiabdus {umi-
nexeens (fig. S2). The MACPF family shares 15
to 20% sequence identity within the MACPF
domain, and all members include the signa-
ture motif ¥Y/W-G-T/S-H-F/Y-Xs-GG, where
X is any amino acid (/f, 16) (fig. 52).

MACRF

Fig. 1. The structure of Plu-MACPF. (A) Secondary-structure elements are labeled (see also fig. 52);
CH1 and CH2 are shown in red. Two Ca atoms are shown as gray spheres, and the numbers
represent the strand numbering of the B sheet. (B) Structure of PFO (19). Core elements of
secondary structure common to both MACPF and CDCs are colered accordingly. In PFO, the region
equivalent to the C sheet in MACPF is continuous with the light blue sheet and is shown in yellow.
The first strand of the light blue sheet is shortened and at the top of the sheet, and the region in
PFO equivalent to the A sheet (magenta) has collapsed over to form f-sheet hydrogen bonding with
the second strand of the light blue sheet. {C) Stereo view of the superposition of the core of MACPF

and PFO.
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We targeted MACPF proteins for strue-
tural studies (/7). Only one of these
proteins, Plu-MACPF from P luminescens,
expressed solubly and yielded crystals (1able
S51). Although Plu-MACPF binds to the
surface of inscct cells (fig. 83), it is nonlytic
under a range of conditions (sce supporting
onling material data). However, the structure
of its MACPF domain was expected to
provide broad insight into the structure and
mechanism of function of the MACPF
superfamily,

The 2.0 A erystal structure of Plu-MACPF
shows that the 507 residues are divided into an
N-terminal MACPF domain and a C-terminal -
prism type | domain (Fig. 1A and fig, S4A). The
MACPF domain is a flat box-shaped molecule,
featuring a ~50 A four-stranded antiparallel P
sheet (the B sheet) that contains a ~90° twist at
sirands 4B and s4'B. Two small clusters of a
helices [cluster of helices-1 (CH1) and CH2] are
packed on each side of the base of the B sheet and
form much of the bottom half of the domain (Fig.
IA). The top of the MACPF domain comprises
the two-stranded A sheet, the C sheet, and four
short @ helices (B and F to H). The B-prism
domain is underneath CHI and CH2 and
comprises three antiparallel [§ sheets approxi-
malely related by a threefold axis. The B-prism
fold is associated with membrane interaction
{18): however, sequence searching revealed that
it is not found in other members of the MACPF
superfamily,

Structural characteristics of the MACPF
domain, such as its flattened shape and
twisted L-shaped central B sheet, bear a
siriking resemblance to the cholesierol-
dependent eyiolysin (CDC) family of toxins
(/9. Superpositions and topology diagrams
{(Fig. | and fig. 54) confirmed that the
MACPF domain and domains [, 11, and [I1 of
the archetypal CDC perfringolysin O (PFO)
from Closiridinm perfringens share a common
core fold [root mean square (rms) deviation of
3.8 A per atom over 361 Ca atoms]. The
central Posheet, as well as the two clusters of o
helices that switch to a membrane-spanning [
conformation in PFO [transmembrane [
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hairpin 1 (TMH1) and TMH2, which corre-
spond to CHI and CH2, respectively, in
MACPF], arc conserved between the two
structures (rms deviation of 0.9 A per atom
over 59 Ca atoms). Only three conserved
residues in MACPF (G209, G270, and G271)
{fig, 52) arc also conserved in the CDC
superfamily (equivalent residues in PFO:;
G274, G324, and G325) (J9), which explains
why PSI-BLAST searches using the MACPF
sequences do not identify members of the
CDC family with significant expect scores.
The N- and C-terminal regions that flank the
conserved core, which in PFO correspond
largely to the noncontiguous linker domain [,
are substantially different. Rather than a
single a helix (L helix), the linker in PFO is
composed of a twisted P strand supported by
an clongated B hairpin dedved from the N
terminus (Fig. 1B and fig. 54). Despite these

Fig. 2. Sequence conservation in
the MACPF domain. Conserved resi-
dues in the MACPF family mapped
onto the structure of Plu-MACPF
(table 52). Three G residues (G209,
G270, and G2 71) are also conserved
in CDCs (red text). Two highly con-
served clusters are circled, and the
numbering is for Plu-MACPF,

H341

L-helix

Fig. 3. Atomic interactions made by highly conserved residues.
Interactions around (A) the conserved signature motif Y/W-G-T/S-H-F/Y
and (B) the bend in the B sheet. In both panels, red labels indicate

14 SEPTEMBER 2007 VOL 317

differences, the similarity of a complex core
told, together with functional similarities
210, suggests that MACPF domains and
CDCs are homologous. We therefore propose
that lytic MACPF proteins use a CDC-like
mechanism of oligomerization and membrane
insertion.

CDC-producing Gram-positive pathogens
cause mortality n humans. In addition to
PFO, well-characterized CDCs include pneu-
molysin (Streptococcus  puewmoniae) and
streptolysin O (Streprococcus  pyogenes)
(20, Like C9 and perforin, CDCs oligomer-
ize, undergo conformational change, and
insert into membranes o form doughnut-
shaped pores (22). The molecular mechanism
of pore formation of PFO and pneumolysin is
well understood, involving ~30 molecules
assembling via the flat faces of the globular
head into a pre-pore oligomer that binds the

Plu-MACPF.

cell membrane via the base of the C-terminal
immunoglobulin domain (/¥, 2/-24). A
conformational change results in the helical
clusters TMHI and TMH2 of each CDC
unravelling w form two elongated amphi-
pathic p hairpins that span the membrane
{fig. 55). This converts the pre-pore into a
giant f-barrel-lined channel (F9, 27-24).
Although the amphipathic pattem of amino
acids in TMH2 in PFO is imperfect (fig. 56).
fluorescence and clectron microscopy data
reveal that this region is nonctheless able 1o
inserl into membranes (24). An analysis of
the sequence of €9 and perfonin also reveals
an altemating pattem of hydrophobic and
hydrophilic residues in CH1 and CH2,
similar o that seen in TMHI and TMH2 of
CDCs and consistent with the ability to form
an amphipathic membrane-spanning [
hairpin (Fig. 1 and fig. S6). Together with
the structural similanty, these data suggest
that, rather than using two amphipathic o
helices as originally proposed (25), lytic
MACPF proteins span membranes using
amphipathic B strands derived from CHI
and CH2.

Like TMHI and TMH2 in CDCs, the se-
quence of CHI and CH2 represents the most
variable region of the superfamily, providing
an gxceplion to the general rule that functional
elements tend to be highly conserved (4, 19).
An analysis of the patierns of conservation in
MACPF reveals that the MACPF signature
motif Y/W-G-T/S-H-F/Y, originally proposed
to form one of two predicted membrane-
spanning a helices (25), lies at the interface
between CHI and the body of the molecule
{Figs. 2 and 3A and table 52). In CDCs, this
region undergoes conformational change o
allow TMHI to unfurl (%, 22-24). Another
cluster of conserved residucs centers on the
sharp bend in the B sheet and includes four G
residues (G209, G210, G270, and G271) that
are =%5% conserved in all MACPF protcins
{Figs. 2 and 3B). In CDCs, three of these G
residues ane conserved (G274, G324, and
(G325 in PFO) and function as a hinge that
allows sheet straightening during “hole
punching™ (J%, 22-24). We suggest that these

conserved residues, and yellow spheres on the Cu position indicate
residues that are mutated in FHL. The numbering in both panels is for

SCIENCE www.sciencemag.org




Fig. 4. Position of disease-linked
mutations in perforin. The positions
of mutations in perforin that cause
early onset FHL (yellow) and late
onset atypical FHL {pale green) are
shown by spheres (table 52). The
numbering is for perforin, and red
text indicates a mutation of a con-
served residue (table 52). The
positions of G149 and E261 in per-
forin are approximate, because
these are insertions relative to
Plu-MACPF. The position of the
CD59 binding site in C% and C8u
is indicated by a black circle (30).

residues may permil a similar con formational
change in the MACPF domain,

The structure of the MACPF domain
pives us a better understanding of mutations
in perforin that cause the rare immunological
disorder familial hemophagoeyiic lympho-
histiocytosis (FHL) (4). In addition to mis-
sense mutations of highly conserved residues
(Figs. 3 and 4 and table 52), several perforin
mutations map to CHI and CH2 or their
surrounding pockets, consistent with a func-
tional role for these regions (Figs. 3 and 4).
However, the most iniriguing perforin vari-
ant identified to date is the A9IV (Y92 in
Plu-MACPF) polymorphism of perforin
which occurs at a frequency of -3 to 17%
and is linked to misfolding, decreased lytic
activity, and predisposition to late onset hemo-
phagocyiic lymphohistiocytosis (4, 26-28).
This variant maps to the s2A/51B loop and
its interface with the F helix (Fig. £). Further,
the dysfunctional variant V183G (168 in Plu-
MACPF) maps to the F helix and is predicied
to pack against AY1 (¥Y92) (Fig. 4). Thus,
perturbations of the s2A/%1B-F helix interface
may underpin the perforin AY1Y misfolding
phenotype.

Previous studies have shown that C9/
MAC activity is controlled by host inhibitors
such as CD3Y% that prevent unwanted cell
lysis. Sequences on C9 and C8a that
participate in CD59 binding (29, 30) map to
CH2 (Fig. 4). Thus, we suggest that CD59
may regulate MAC function by interfenng
with CH2,

The MACPF domain is commonly found
to be associated with other N- and C-terminal
modules (fig. S1) that probably control or
target MACPF function. For example, the C-
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terminal C2 domain of perforin mediates
mitial interactions with membranes (4), an
analogous role to that of domain IV of the
CDCs (19).

Although Plu-MACPF appears to be non-
Ivtic under the conditions tested, we cannot
exclude the possibility that it requires a
cofactor or specific receptor for function,
On the other hand, certain MACPF proteins
{e.g., C6, C7, C8P, and Astrotactin} do not
lyse cells and instead perform other roles.
We speculate that cerain utilities of the
MACPF fold, such as conformational flexi-
bility and membrane insertion, may have
been exploited for nonlytic purposes. Indeed,
parallels can be drawn with the eukaryote B
cell lymphoma 2 family of proteins that
share a similar fold to bacterial colicin-like
toxins but insert into membranes rather than
lyse cells (37).

This work implies that lytic members of
the MACPF superfamily use a CDC-like
mechanism for membrane penetration and
pore formation. Our findings suggest that the
fold of the CDCs, a family of proicins that
causes tissue destruction in human discases, is
uscd by verebrates for defense against bacte-
rial and viral infection.
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Structure of C8a-MACPF Reveals
Mechanism of Membrane Attack in
Complement Immune Defense

Michael A. Hadders, Dennis X. Beringer, Piet Gros*

Membrane attack is important for mammalian immune defense against invading microorganisms and
infected host cells. Proteins of the complement membrane attack complex (MAC) and the protein
perforin share a common MACPF domain that is responsible for membrane insertion and pore
formation. We determined the crystal structure of the MACPF domain of complement component CBa
at 2.5 angstrom resolution and show that it & structurally homolegous to the bacterial, pore-forming,
cholesterol-dependent cytolysins. The structure displays two regions that in the bacterial cytolysins)
refold into transmembrane | hairpins, forming the lining of a barrel pore. Local hydrophobicity
explains why CBu is the first complement protein to insert into the membrane. The size of the MACPF
domain is consistent with known C9 pore sizes. These data imply that these mammalian and bacterial
cytolytic proteins share a common mechanism of membrane insertion.

bacteria critically depends on the cytolytic

activity of the terminal pathway of the
complement system ([, 2). Deficiency in compo-
nents of the erminal pathway results in recurrent
bactenal infections in humans [in particular, me-
ningococcal infections (3)]. The terminal path-
way is initiated when complement protein C5 is
proteolytically activaled into two fragments, C5a
and C5h, in the complement cascade (). C5b
then sequentially binds C6, C7, C8, and multiple
copies of C9, forming a C5b-9 complex called
the MAC, The complement proteins Cé 1o C9 are
homologous and have a central MACPF domain
of molecular mass ~40 kD, flanked by small
regulatory domains at the N and C termini (fig.
S1)(5). C8 is a wimer made up of homologous
proteins Cla and C8J, each of which contain a
MACPF domain, and a lipocalin protein C8y that
is covalently linked to C8a through a disulfide
bridge (A). During assembly of the MAC, C7
mediates the initial binding 1o the membrane sur-
face. However, the C8u component of C8 is the

Pmlw:im in blood against Gram-negative

Crystal and Structural Chemistry, Bijwoet Center for
Biomolecular Research, Department of Chemistry, Faculty
of Scence, Utrecht University, Padualaan 8, 3584 CH
Utrecht, Metherlands.
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p.grosgchem.uu.nl

Fig. 1. Structure of human CBa-
MACPF. Cu representation of C8a-
MACPF (A) and intermedilysin (PDB
accession code 1s3r) (B) in two views.
The top and bottom halves of the o
molecule are denoted d1 (blue)
and d3 (brown), respectively. The cen-
tral kinked [ sheet {part of both d1
and d3) is shown in green. The ad-
ditional domains d2 and d4 in inter-
medilysin are shown in gray. Figures
are produced with PyMOL (30).

A
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first protein that traverses the lipid bilayer (7, &),
C5b-8 complexes, obiained in the absence of
€9, have hemolytic activity, indicating that C8
penctration leads to a loss of membrane integrity
(V). After C5b-8 assembly, multiple C9 mole-
cules bind and oligomerize inlo pores, consist-
ingof 12 to 18 C9 monomers, that are 100+ 10 A
wide and 160 A high (/0-12). Host cells are
protected from this membrane attack by CD59,
which binds to CBa and C9 during MAC
assembly. preventing pore formation (/3). Cyto-
toxic T lymphocytes and natural killer cells se-
crte granules containing perforin, which (like the
complement proteins C6 to C9) has a central
MACPF domain. Perforin multimerizes, forming
similar pores composed of ~20 monomers (/4 1),
Perforin, however, does not use accessory proteins
for membrane binding (/46). The mechanism of
membrane insertion and pore formation by these
proteins of the immune system is unclear,

We expressed and crystallized the human
CRo-MACPF domain (residues 103 to 462). The
CBo-MACPF domain retains its ability to form
heterotrimeric C8 (with full-length C8J and C8y)
that is functionally active in membrane atiack and
pore formation (/7). The structure was deter-
mined to 2.5 A resolution by experimental phas-
ing (sec the Materials and Methods, table 51, and
fig. 52 in the supporting online material). The

¢_ B
iy

overall structure consists of a central kinked four-
stranded i sheet sumounded by o helices and
strands, forming two structural segments (which
we call d1 and d3 for reasons discussed below)
{Fig. 1A). Overall, the molecule has a thin L-
shaped appearance with dimensions 67 A by
55Aby24 A,

The observed fold of CHu-MACPF with iis
central kinked B sheet resembles the fold of
domains dl and d3 of intermedilysin and
perfringolysin, which are cholesterol-dependent
eytolysins (CIDCs) secreted by the Gram-positive
bacteria (18, 19) (Fig. 1B and fig. $3). CDCs
undergo substantial refolding of part of their
structure in transforming from monomeric solu-
ble proteins to multimenc membrane pores
[reviewed in (20)]. CDCs are built up of four
domains: d1 1o d4. Domain d4 is responsible for
membrane binding (21, 22), whereas d2 formsa
linker to dl and d3, which mediate pore
formation (23). Domains dl and d3 comrespond
to the two halves of the kinked [} sheet in the
structure of CBa-MACPF, which is consistent
with the membrane-insertion function of C8a-
MACPF. The absence of the d2 and d4 domains
in CRBa-MACPF comelates, however, with
marked topological differences in d1 (fig. 83, C
and ). The modules flanking the CRa-MACPF
domain [that is, the N-terminal thrombospondin
type 1 (TSP1) and low-density lipoprotein
receplor class a domains and the C-terminal
epidermal growth factor-like and TSP1 domains)
are linked on opposite sides to dl (Fig. 1A). The
covalent binding site for C8y (Cys'™) is located
in a disordered surface loop on the N-terminal
side of dl. In contrast, the topologics of d3 in
C8u and CDCs are very similar and are
characterized by an antiparallel § sheet (strands
Bl to B4) with extended, connecting regions [i1-32
and B3-f4.

Residues from domain d3 in CDCs form the
wall of the B bamel pores. In CDCs, the anti-
parallel B sheet (strands B w0 B4) in d3 has two
helical connections (between strands -2 and
P3-p4). By means of multiple spectroscopic
methods, these two helical regions have been
shown 1o refold into amphipathic B hairpins
[denoted transmembrane B hairpin 1 (TMHI1)
and TMH2], which insent into the membrane,
forming a p bamel pore (24, 25). CBu-MACPF
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exhibits similar, but longer, regions in between
strands B1-p2 and f3-f4. The first region spans
58 residues (residues 201 o 258) and forms two
 helices interspersed with a B hairpin (Fig. 2A).
The second region consists of 62 residues
{residucs 326 to 387). This region has two
discemible o helices in the electron density bui

is largely disordered. Like in CDCs, these regions
show high sequence vanation across species (fig,
541 In C8a, we observe a partitioning into three
segments for these regions: (i) charged and
amphipathic, (i) hydrophobic, and (iii) charged
and amphipathic (Fig. 2B and fig. $4). In the
structure, the hydrophobic middle part (26

Intermedilysin

Tl 152 (201-258)
Cu B34 (126-387)

ILY-TRH1 (212247}
ILY-TMHZ (310-344)

PFO-TMH (185-220)
PEC-TMH2 (283-317)

C3 j11-p2 (218-283)
C9 ji3-p4 (382423)

Pert B1-12 (111-167)
Pard [3-[34 (239-296)

Fig. 2. Comparison of putative transmembrane regions. {A) Cartoon diagrams of domains d3 of C8a-
MACPF {left) and intermedilysin (right). The putative j hairpin regions p1-B2 and TMH1 are colored in
dark brown, and 33-34 and TMH2 are colored in light brown. (B) Sequence alignment of (i) the B1-p2
and p3-f4 regions of C8x, C9, and perforin (Perf) and (i) TMH1 and TMH2 of perfringolysin (PFO) and

intermedilysin (ILY). Residues (31) are colored according to character: hydrophobic (green), positively

charged (blue), negatively charged (red), and hydrophilic (white). Yellow indicates cysteine residues.
Secondary structure elements, as observed for CBa-MACPF and intermedilysin, are indicated. Putative

transmembrane regions are indicated by gray boxes.

Fig. 3. Hypothetical
model of the C9 pore.

Shown i a pore model de-
rived from a ring of 18
manomers of C8a-MACPF.
(Left) Cross section of the
pore, with MACPF domains
forming the torus. (Right)
Two orientations of the
torus in surface represen-
tation, with two individual
monomers highlighted (in
blue) for convenience.
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residues long) of region B1-f2 forms a B hairpin
that aligns with the central sheet of dl. The
comesponding part in region B3-34 is 25 residues
Iv;mghI is delimited by the disulfide bond
Cys™-Cys™. This hydrophobic part has three
charged residues positioned halfway between the
cysteine residues. The hydrophobic character of
the central B1-f2 and B3-f4 pans is consistent
with membrane insertion without pore formation,
as expected for the function of C8. Presumably,
the central B3-P4 part would traverse the
membrane completely and position the three
charged residues on the inside of the target mem-
branc. In conirast, the central pans of the Bl-A2
and f3-B4 regions in C9 and perforin (Fig. 2B
and fig, 54) have an allemating hydrophobic and
hydrophilic character (like the TMHs of CDCs).
This amphipathic character is consistent with
forming a [ barrel pore with a hydrophilic inside
and a hydrophobic outside that faces the lipid
membrane. The flanking regions in CBe, €9, and
perforin contain short stretches of consecutive
charged residues indicative of a solvent-exposed
character. We hypothesize that the central seg-
ments traverse the membrane (forming TMHs)
and that the flanking pars protrude above the
membrane,

Electron micrographs of the MAC and poly
(C9) reveal a pore (~100 A inner-diameter, ~160 A
height, and ~200 A outer-diameter torus) and a
small rim at the base of the pore (/2). Our struc-
ture shows that a soluble, monomerie MACPF
domain has a thin “L" shape. In analogy with
CDCs, the B1-p2 and B3-B4 regions in d3 are
expected to change into long B hairpins upon
membrane insertion, contributing four strands
per monomer. Extending 60 residues into one
straight B hairpin yields a maximum length of
~100 A; this structure would extend from the
existing four-stranded B sheet in d3. Together
with the MACPF domain, this yields a total
length of ~160 A, which is consistent with the
height measured for MAC and C9 pores by elec-
tron microscopy (EM). Similarly, modeling of
the x-ray structure of perfringolysin inio a cryo-
EM map of a pneumolysin pore also indicated
extended B hairpins oriented parallel to the mem-
branc normal (26), However, the [ strands are
most likely twisted and tilted (as observed in
many § barrel structures of outer-membrane pro-
teins); possibly, the missing M-terminal domains
contrbuie to the height of the C9 pore. Further-
more, the putative TMHI in C9 has a 17 -residue
extension, which is consistent with the presence
of a small rim at the bottom side of the pore.
Based on the MACPF domain of CBa, we con-
structed a hypothetical model of the C9 pore
torus. Sixteen and 18 copies of the molecule were
placed in rings, with the Bl 1o P4 strands of d3
placed on the inside (Fig. 3). This simplistic
modeling resulted in rings with an inner diameter
of 97 and 110 A and an outer diameter of 170 and
185 A, respectively. The inner diameters of these
models are close to the observed 100 A; the
smaller outer diameter {170 1o 185 A versus 200 A)
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is possibly caused by the missing C-lerminal
domains that are connected to the outer rim of
the torus. Thus, based on a MACPF domain,
the main characteristics of the C9 pore can be
modeled.

Membrane recognition and pore formation by
the complement proteins depend on a sequential
assembly of the MAC, The C8u-MACPF and
CER-MACPF domains are sufficient for a func-
tional C5b-8 complex, indicating that the
flanking M- and C-erminal domains in C8 arc
nod essential for complex formation (7, 27). The
flanking domains, however, possibly cover the
putative TMHs in soluble C8. Soluble forms of
the cell-surface protein CD39 do not bind soluble
C8 or C9 (/3). CD5Y9 binds residues 365 1o 371
of C9 and residues 3200 415 in Cla (28), which
map o the TMH2 region. Presumably, docking
of C8 or (9 onto the MAC reorients the flanking
domains exposing the TMHs, which are subse-
quently “caught in the act” by CD3Y present on
host cells, and hence the membrane insertion is
blacked. In CDCs, membrane insertion only
takes place afier oligomerization [that is, a large
oligomeric prepore is formed on top of the
membrane before the membrane is perforated
(26)]. CBux inserts without oligomerzzation, which
is consistent with the hydrophobic character of
the putative TMHs. Partial and incomplete
pores are observed, when limiting numbers of
C9 are available for binding to C5b-8 (I[).
These data indicate that MAC pore formation is
gradual and does not require oligomeric pre-
pores. In this process, C8 plays an important
role by binding to the membrane-bound C5b-7
complex, penetrating and destabilizing the
membrane, thus readily enabling pore forma-
tion by C9.

Perforin, perhaps, acts more like CDCs. Mem-
brane binding by perforin is Ca® ~dependent and
15 mediated by its C<terminal C2 domain (29).
The C2 fold is closely related to the fold of the C-
terminal d4 domain in CIXCs (fig. 55). Notably,
the “undecapeptide™ membrane-binding site in
d4 overlaps with the Ca™ ~dependent binding site
in C2, indicating a common orientation when
bound to a membrane. Like in CDCs and C9, the
putative TMHs of perforin are amphipathic in
chamcter. The amphipathic regions presum-
ably do not pencirate the membrane casily. We
argue that unassisied pore formation [as for
CDCs, perforin, and in vitro poly(C9)] hence re-
quires formation of a large oligomeric prepore
on the membrane to facilitate perforation of the
membrane.

The MACPF donain of complement proteins
Co to C9 and perforin is similar to domains dl
and d3 of bacterial CD}Cs, This finding indicates
a possible common evolutionary orgin and a
common mechanism of membrane insertion. The
structural insights could be valuable in the design
of therapeutics preventing inappropriate activa-
tion of the tenminal pathway of complement, as in
the case of paroxysmal noctumal hemoglobinuria
and hyperacute rejection of transplanted organs.
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Anti-Inflammatory Activity of Human
IgG4 Antibodies by Dynamic

Fab Arm Exchange

Marijn van der Neut Kolfschoten,® Janine Schuurman,” Mario Losen,® Wim K. Bleeker,’
Pilar Martinez-Martinez,” Ellen Vermeulen,” Tamara H. den Bleker," Luus Wiegman,®
Tom Vinkf Lucien A. dﬁ.-z:rdn&rl:;1 Marc H. De Baets,l" Jan G.). van de '-"i‘inlna'l.,""s

Rob C. Aalberse,** Paul W. H. L Parren®

Antibodies play a central role in immunity by forming an interface with the innate immune
system and, typically, mediate proinflammatory activity. We describe a novel posttranslational
modification that leads to anti-inflammatory activity of antibodies of immunoglobulin G, isotype 4
(lgG4). IgG4 antibodies are dynamic maolecules that exchange Fab arms by swapping a heavy chain
and attached light chain (half-molecule) with a heavy-light chain pair from another molecule,
which results in bispecific antibodies. Mutagenesis studies revealed that the third constant
domain is critical for this activity. The impact of IgG4 Fab arm exchange was confirmed in vivo
in a rhesus monkey model with experimental autoimmune myasthenia gravis. IgG4 Fab arm
exchange is suggested to be an important biological mechanism that provides the basis for

the anti-inflammatory activity attributed to IgG4 antibodies.

resent products of clonal B cell populations,

each producing antibodies recognizing a
single antigen specificity (7, 2). Human imimu-
noglobulin G (lgG) antibodies exist in four
subclasses with distinet structural and functional
propertics, IgGs are composed of two heavy
chain-light chain pairs (half-molecules), which
are connected via inter-heavy chain disul fide
bonds situated in the hinge region, as well as by
noncovalent bonds mostly siated between the

In the classic paradigm, immunoglobulins rep-

third constant (Cy3) domains (3). Stability of
the inter-heavy chain disulfide bonds varies be-
tween subclasses, and for IgG4 in particular,
intra-heavy chain disulfide bonds may be formed
instead (4).

lgG4 antibodics differ functionally from
other lgG subclasses in their anti-inflammatory
activity, which includes a poor ability to induce
complement and cell activation because of low
affinity for Clg (the q fragment of the first com-
ponent of complement) and Fe receplors (5, 6).
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Consequently, IgG4 has become the preferred
subclass for immunotherapy, in which recnui-
ment of host effecior function is undesirable.
Another, more poorly understood property of
blood-derived 1gG4 is its inability 0 cross-link
identical antigens, which is referred to as “func-
tional monovalency™ (7, &) In contrast, cross-
linking of nonidentical antigens (bispecificity)
has been observed under centain conditions (),
It has been postulated that these observations
might be explained by the exchange of half-
molecules between distinet IgG4 molecules
(¥-11). This hypothesis, however, has not been
widely accepied, as this exchange previously
could not be confirmed wsing recombinani
g0 antibodies (9). Here we show, using well-
characterized monoclonal antibodies, that Fab
am exchange represents a general character-
istic of 1gG4.

We explored this issue using blood-derived
and recombinant [g(G4 antibodies against the
major birch pollen (Betvl) and cat (Feldl)
allergens (72). Serum from an allergic patient
with high 1gG4 tilers against both antigens con-
tained bispecific antibodies that cross-linked
Bewvl and Feldl, wheress such reactivity was
not detected in control sem (fig. 51). This pe-
culiar bispeeific reactivity of blood-derived
lgG4 could not be reproduced by simple mixing
in vitro (fig. 52), as previously observed for other
antigens (/3). To investigate whether bispecificity
is the result of in vivo molecular processing, we
injected an equal mixiure of recombinant IpGd-
Betvl and IgG4-Feld]l or comesponding 1pGl
controls into immunodeficient mice. Blood sam-
ples were drawn, after which we measured Feld]/
Betv | -bispecific IgG (Fig. 1A)  Interestingly,
bispecific antibodies appeared in the blood of
mice injected with [gG4, but not lgGl, mixtures.
A stochastic Fab amm exchange between equal
amounts of lpG-Betv] and lpGa-Feldl would
be consistent with approximately half of the 1gG4
molecules acquiring bispecificity (/4). To dem-
onstrate the plasticity of this process, we injected
an [pGd mixture including a 20-fold excess of an
additional IgGa4 with imrelevant specificity, which
almost abrogated Feld |/ Betvl-bispecific reactiv-
ity {(Fig. 1A). This inhibition is explainad by the
generation of bispecific Ig(i4 not detected in our
Feldl-Betvl cross-linking assay. If the observed
bispecificity mesulled from Fab amm exchange,
then the increase in bispecific activity should be
accompanied by an eguivalent loss of mono-

!sanquin Research—ANC Landsteiner Laboratory, Department
of Immmnpallnlo?y, Plesmanlaan 125, 1066 X Amsterdam,
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specific cross-linking activity (/5), which was
indeed observed (fig. S3).

IgG molecules are protected from catabolism
by the neonatal Fo receptor (FcRn) by an intr-
cellular recyeling route (14). However, FeRn was
not required for Fab ann exchange because no dif-
ferences in the generation of bispecific IgGd wene
observed between wildtype and FeRn-deficient
mice (fig. 54). This suggests that Fab amm ex-
change may occur in the extracellular milieu.

The molecular mechanisms for Fab arm ex-
change were studied by defining in vito condi-
tions. We found that bispecific lgG4, bul not
lgG1, molecules were generated on mixing with
isolated blood cells, but not with human serum,
Bispecific 1gG4 molecules were generated in the
presence of human erythrocytes with similar
kinetics as observed in vivo (Fig. 2A) A low-
molecular-weight compound from erythrocyle
lysates appeared essential for the exchange reac-
tion (table S1). This observation, in combination
with the requirement for breaking inter-heavy
chain disulfide bonds, prompted us to test wheth-
er bispecific 1G4 was generaled in the presence
of small reducing agents such as reduced
glutathione (GSH). Notably, the addition of
GSH or other reducing agents to a mixture of
purified lgG4, but not lgGl, was sufficient o
induce Fab anm exchange (Fig. 2B). The reaction
in the presence of GSH occurred more efficiently
at physiological than at low temperature (fig. S5).

We extended our analyses o fully human
monoclonal atibodies (HumAbs) with a matched
set of wellcharacterized recombinant human
lgGl and IgC# antibodies directed against CD20
antigen and epidermal growth factor receptor
(EGFR) [HumAbs TD8 (/7) and 2F8 (/8).
respectively]. Bispecificity was evaluated with a
sandwich enzyme-linked immunosorbent assay
(ELISA) consisting of recombinamt EGFR. im-
mobilized on the solid phase and an anti-idiotype
antibody against HumAb 7D8 as a detecting re-
agent. The kinetics of bispecific antibody forma-
tion against EGFR/ACD20, which occurred only
for the [gG4 mixture and only in the presence
of GSH, is shown in Fig. 2C. The molecular
requircments for Fab am exchange were studied
by mutagenesis. Unexpectedly, our experiments
suggest that the Cy3 domain and not the core
hinge is dominantly involved in the reaction. Thus,
exchanging Cg,3 domains between Igll and 1264
activated Fab arm exchange for lgGl and
abrogated activity for lgGd (Fig. 2D). In contrast,
replacing the IgGl core hinge sequence with the
1gC4 sequence alone [by replacing Pro™* with Ser
(P2255)] had no effect, and the lgG4 Oyl se-
quence was additionally required for full Fab anm
exchange activity by the IgGl mutant (Fig. 2D).

To conclusively demonstrate that Fab arm
exchange is indeed the result of an intermolec-
ular exchange reaction, we analyzed the molecules
generated using size-exclusion chromatography
and mass spectrometry (MS). First, we per-
formed size-exclusion analyses of plasma from
two of the mice injected with an [gG4 antibody
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mixture. Bispecific antibodies eluted at the ex-
pected posttion for monemenc lgG, which ruled
out the possibility that the observed reactivity
was due to aggregation (fig. S6). Second, we in-
cubated a mixwre of [gG4-EGFr and [gGA-CD20
in the absence or presence of GSH, followed
by mass spectrometry [electrospray ionization
time-of-flight mass spedrometry (ESI-TOF MS)].
Figure 2E shows that the molecular masses
of IgG4-CD20 (145.5 kD) and IgG4-EGFR
(145.9 kD) remained unchanged in the absence
of GSH. In the presence of GSH (Fig. 2F).
however, a new peak with an intermediate mass
appeared (145.7 kD). The novel mass come-
sponded to the expecied mass of the bispecific
antibody against EGFR/CD20 detected in Fig.
2C. Moreover, from the peak heights of the MS
speetra it was estimated that the bispecific anti-

A
= 60
5% Pl
m = -
¢ % :
=0
)
o 20
E_H:Il-' -*
m = - L] —d —
2 phb— = .= .
0 24 48 T2 95
Time (howr)

‘'

Fig. 1. Bispecific human IgG4 molecules are gen-
erated in vivo. (A} Groups (n = 5) of nude mice
were injected with antibody mixtures: 1gG1-Betvl/
lgG1-Feld1 (squares), lgG4-BetvllgGd-Feldl icir-
cles), or IgG4-BetvLigG4-Feldl + irrelevant recom-
binant IgGd (IgG4-EGFR; triangles) (test antibodies,
100 pg each per mouse; irrelevant lgG4, 2000 pg
per mouse), The generation of bispecific antibodies
was followed by assessing Betvl and Feldl bi-
specific reactivity, which was expressed as a
percentage relative to the total IgG-Betvl concen-
tration. The top arrow indicates the expected level
of bispedfic reactivity {50%) in mice receiving an
equal amount of IgG4-Betvl and IgGA-Feldl (14);
the bottom arrow with asterisk indicates the
expected level of bispecific readtivity (4%) in the
presence of excess irelevant 1gG4. Error bars
represent SEM. (B) IgG4 Fab arm exchange ocours
by the exchange of a heawy chainlight chain pair
({half-molecule) of one IgG4 molecule with that
of another lgG4 molecule. The IgG4 molecule
may thereby acquire two distinct Fab arms and
become bispecific. The Fc structure remains es-
sentially unchanged apart from potential changes
due to differences in glycosylation or allotype.
Fab arm exchange is proposed to be stochastic
and dynamic.
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Fig. 2. Induction of 1gG4 Fab arm
exchange in vitro. {A) Incubation of
IgG4-Betvl/lgGa-Feld1 mixtures (cir-
cles) with human erythrocytes (closed
symbals) at 37°C resulted in genera-
tion of bispecific antibodies; no bispec-
ificity was generated in IgG1 mixtures
(squares). As controls, an excess of
irrelevant IgG4 was added (triangles)
or antibody mixtures were incubated
without enythrogytes (open symbols).
Emor bars represent range of duplicate
measurements. (B) lgGa-Betvl/igGd-
Feldl mixtures (black bars) were in-
cubated for 24 hours at 37°C in the
presence of different reducing agents,
and the genemation of bispedfic IgG
was determined. IgG1 antibody mix
tures were used as controls (gray bars).
Emor bars represent SEM calculated
from three measurements. (C) lgG4-
CD201gG4-EaFr mibtures (squares) were
incubated at 37°C with (closed sym-
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bols) or without {open symbels) 0.5 mM GSH. The foermation of bispedific
antibodies was measured in ELISA. OD.s, optical density (absorbance) at
450 nm. Mixtures of IgG1 antibodies were used as controls (circles). Data are
representative of three experiments. (D) IgGl and IgG4 mutants were
prepared for the Betvl and Feld1l antibodies. P2285 represents a point
mutation that introduces the 1gG4 core hinge sequence into IgGl. G3(y1)
and Cy3(y4) represent domain swap mutations in which the original third

constant domain is replaced with the IgG1 or IgG4 domain, respectively. Fab
arm exchange between comesponding mutants is shown. (E) IgG4-EGFR/
1gG4-CD20 mixtures were incubated for 24 hours in the absence (E) or
presence (F) of 0.5 mM GSH, after which the antibodies were deglycosylated
with peptide NM-glycosidase F, and the molecular masses of the resulting
antibodies were determined by ESI-TOF mass spectrometry. Deconvoluted
ESI-TOF spectra are shown. Data are representative of two experiments,

A B Table 1. IgG4-637 protects monkeys from IgG1-
i A S S N, J— 637—induced myasthenia gravis. Total cumulative
" o -, TN L E1M? o E o . dose is the sum of antibodies injected as three
= 807 ‘-IQ x b0 y doses on three consecutive days. Clinical symp-
2 04 M\ 9 e NET > toms started between day 1 and 5 post injection
8 upd \;}\\\ B a0+ i 5 I and lasted up to 7 days. At the peak of the
E 201 = - E - 1 disease, animals were hypoactive; could not climb
0 : t:t ,_"" 2] . because of weakness of the limbs, hands, and
oo 0.1 10 0 0 1 2 3 4 5 feet; and had difficulty eating.
lgG (nmaliL) Time after first injecton (days) 5 Total cumulative Animals Clinical
C Antihdy dose (mg/kg) (m)  symptoms
Fig. 3. Fab arm exchange protects against AChR s .

degradation. (A) Recombinant IgG1-637 ftrian- s ' 1gG1-637 1.5 1 Mo (0/1)
gles) and 19G4-637 (squares) reduced surface £ o g T IgG1-637 3 1 No(o/1)
AchR expression on TE671 cells. Polyclonal human & lgG1-637 15 1 Yes (1/1)
immunoglobulin (circles) was used as a control = sg- lgG1-637 5 F Yes (4/4)
Emor bars indicate the SD of two independent E lgG4-637 15 2 No (2/2)

expeiments. No comedion for background was T 25 ] A Ig61-637 g
applied. (B) TE671 cells were incubated with serum @ - - . Ig64-637 15 5 No (5/5)

0

from monkeys treated with IgG1-637 (triangles),
lgGa-637 (squares) or the combination thereof
(diamonds), and the AChR surface expression was
determined. The x axis indicates the time at which
serum samples were drawn, (C) Day 3 and day 5
sera were tested for their capacity to neutralize AChR
degradation induced by 1 nM IgG1-637.

body represented 50% of the toial antibody mass
in the mixture, which indicated a siochastic ex-
change (Fig. 1B).

We investigated how Fab arm exchange
contnbutes to the anti-inflammatory propertics
of 1gG4 in an animal model in which antibody-
mediated cross-linking plays an imporant role
in discase pathogenesis. Expedmental autoim-
mune myasthenia gravis (MG), in which autoanti-
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bodies against acetylcholine receptor (AChR)
induce muscle weakness, represents such a
model (19). The human AChR-specific antibody
lgG1-637 1s a patient-den ved antibody (2{) that
induces AChR degradation as can be moniiored
in vitro using rhabdomyosarcoma TE6T1 cells,
Both 1gG1-637 and 1pG4-637 antibodics reduced
TEATI cell surface AChR levels o the same ex-
tent (Fig. 3A), which indicated that these anti-

bodies reacted similarly in vitro. IgGl-637 is a
pathogenic antibody, and it induced MG disease
dose-dependently in rhesus monkeys (Table 1).
The lgGA-63T antbody, In contrast, was not path-
ogenic (Table 1), To assess whether [gGA-637
might protect against [gG1-637-induced disease,
we injected IgG4-637, followed by challenge
with a pathogenic dose of the IgGl antibody. All
animals were protecied (n = 5), which repre-
sents a significant difference compared with
treatment with gl -637 alone (P < 0.01; two-
tailed Fisher’s exact test) (Table 1) Notably,
protection against MG discase comelated with
an in vivo decrease of AChR cross-linking ac-
tivity of the injected [gG4 antibody. Thus, serum

WWW.SCIEncemag.org




from an Ig(Gl-637-treated monkey induced strong
AChR degradation, in contrast to serum from a
monkey injected with the IgG4 antibody (Fig. 3B).
The latter serum, morcover, prevented AChR
degradation by 1gG1-637 in an in vitro mixing
experiment (Fig. 3C). Finally, serum from an
animal treated with both antibodies induced only
moderate degradation. The 1gG4-637 antibody,
which induced AChR degradation before injec-
tion (Fig. 3A). apparently acquired non-cross-
linking and protective activity in vivo,

Antibody function is regulated by postrans-
lational modifications. Fucosylation in the Fe do-
main, for example, affects immune cell activation
by modulating affinity for Fo receptors (21).
Sialylation has been shown to endow 1gG with
anti-inflammatory activity (22), but that cannot
explain our findings, as none of the antibodics
used contained sialic acid. Dynamic Fab ann
exchange therefore represents a novel type of
postiranslational modification, which serves as
an additional mechanism for generating anti-
inflammatory activity. The mechanism by which
lzgG4 Fab arm exchange occurs in vivo likely
requires the reducing environment in blood or at
cell surfaces to facilitate the breaking of inter
heavy chain disulfide bonds located in the hinge
region. Indeed, the addition of reducing com-
pounds, such as GSH, to purified IgG4 alone
was sufficient to induce in viro Fab arm ex-
change. GSH, present in all cell types. may well
perform this role in vivo, and so additional co-
factors, chaperones, or receptors, as hypothe-
sized for PDI and FeRn previously (700, may
therefore not be cssential. An important second
antibody heavy chain interface is located be-
tween the Cy3 domains, which we show o be
critically involved in Fab arm exchange. Elucidai-
ing the conmbution of specific Cy3-domain ami-
no acid contacts o the mechanism of this reaction
requires further investigation,

We show that Ig(G4 molecules acquire two
distinct Fab arms by Fab arm exchange, which,
when derived from polyclonal plasma 1gG4,
are (usually) directed against unrelated antigens.
Fab arm exchange, furthermore, is dynamic, and
combinations of cenain specific Fab arms are
thercfore only expected to exist ransiently, 1g(G4
molecules thereby lose their ability to cross-link
antigen and to form immune complexes under
most conditions. 12G4, often induced by chronic
antigen stimulation, then may interfere with
immune complex fonmation by other antibody
isotypes and may dampen inflammatory reac-
tions, In specific immunotherapy with allergen in
allergic rhinitis, for example, increases in aller-
gen-specific 1gG4 levels indeed correlate with
clinical responses (7, 23). A first proof of concept
using monoclonal antibodies indicates that the
formation of non-—cross-linking g4 antibodics
in vivo provided protection against a pathogenic
antibody in experimental auoimmune MG,

Our results have an impact on immuno-
therapy with IgG4 monoclonal antibodies. The
in vivo instability and dynamics of lgG4

www.sciencemag.orq  SCIENCE VOL 317

introduce unpredictability, which is undesirable
for human immunotherapy. Fulure studies
should address the contribution of IgG4 Fab
arm exchange to in vivo activity of therapeutic
[2G4 monoclonal antibodies,

In summary, antibodics of the lgG4 isotype
are shown to be dynamic molecules, undergoing
Fab arm exchange in vivo and in vitro, The
ability to engage in Fab am exchange appears
to be an inherent featre of [gG4 that involves
the third constant domain in addition to the hinge
region and that only requires a reducing envi-
ronment to be activated. This novel protein mod-
ification challenges the commonly accepled one
aniibody-one antigen paradigm and redefines our
thinking about the wle of IgG4 in antibody-
mediated immunity and the application of [gG4
monoclonal antibodies to immunotherapy.
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Functional Architecture and Evolution
of Transcriptional Elements That
Drive Gene Coexpression

Christopher D. Brown,” David 5. Johnson,” Arend Sidow™**

Transcriptional coexpression of interacting gene products is required for complex molecular
processes; however, the function and evolution of cis-regulatory elements that orchestrate
coexpression remain largely unexplored. We mutagenized 19 regulatory elements that drive
coexpression of Ciona muscle genes and obtained quantitative estimates of the cis-regulatory
activity of the 77 motifs that comprise these elements. We found that individual motif activity
ranges broadly within and among elements, and among different instantiations of the same motif
type. The activity of orthologous motifs is strongly constrained, although motif arrangement, type,
and activity vary greatly among the elements of different co-requlated genes. Thus,

the syntactical rules governing this regulatory function are flexible but become highly
constrained evolutionarily once they are established in a particular element.

enc products that are involved in the
Gsamc molecular process must be coordi-
nately expressed. Transeriptional coex-
pression is achieved by regulatory proteins and

their target cis-regulatory elements that promoie
gene ranscription in overlapping spatiolemporal
distributions (/- 7). The function of a cis-clement
is encoded in its molecular architecture: a nucle-
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otide sequence with instantiations (motifs) of'the
binding sites (motif types) for one or more
transcription factors amanged with functionally
significant motif combinations, orientations, or
spacing. We address the molecular architecture
of cis-elements daving gene coexpression and
how the sequence and function of such elements
evolves,

Because motifs are the funclional units within
a cis-element, analysis of a cis-clement’s molec-
ular architecture and evolution requires an
experimental system that allows quantification
of each motif’s activity, in a sufficiently large
number of coexpressed genes whose functions
have been maintained throughout evolution. The
urochordate Ciona harbors such a system in the
form of 19 genes that are coexpressed in the 36
muscle cells of the developing embryo (6). OF
these 19 genes, 17 function in the same macro-
molecular complex, underscoring the require-
ment for tight coexpression. The genes include
six single-copy loci from C savigmd and their six
orthologs in the sister species, C. fnrestinalis: o-
tropomyosin 1 {(AT1), a-tropomyosin 2 (AT2),
myosin binding protein (MBP), troponin [ (TT),
troponin T (TT), and creatine kinase (CK). The
remaining seven genes comprse two or three
paralogs each of the multicopy gene families
muscle actin (MA), myosin light chain (MLC),
and myosin regulatory light chain (MRLC) from
C. savigmi (fg. 51). The three motifs that
mediate muscle-specific ranseription in Ciona
in general, and of these loci in particular, are the
cyclic adenosine 5"-monophosphate response
element (CRE) (6, &), the MyoD maotif (971},
and the Thx6 motif (/2) (fg. S2).

We investigaied the functional architeciure of
the 19 cis-clements by a comprehensive muta-
genesis effort coupled with a whole-embryo ex-
pression assay (f3-15). Each reporter construct
harboring specifically mutagenized sequences
was transfected into hundreds of developing em-
bryos, Activity of a mutagenized clement was
measured as the percentage of muscle cells ex-
pressing the reporter, which we show to comelate
with average transcript levels [fig. 54 and sup-
porting online material (SOM) text, section 3],
A first few hundred constructs, assayed in over
2000 ransfections, defined the cis-clements re-
sponsible for the majority of function of each
locus (Fig. 1 and table S1). We then dissected
cach cis-clement using 220 constructs with
small deletions [5 to 10 base pairs (bp)] or site-
directed mutants that removed putative motifs in
isolation or different combinations. Our quanti-
tative results are based on 1237 transfections
{five biological replicates per construct), which
vielded a total of 85,506 transgenic embryos
(table 52).

'Department of Genetics, Stanford University School of
Medicine, Stanford, CA 94305, USA. “Department of
Pathology, Stanford Universty School of Medicing, Stanford,
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A quantitative and biologically meaningful
representation of the functional architecture of
each cis-element required an analysis framework
to estimate the activity of each motif. Tochoosea
framework, we needed o assess the relative im-
portance of genetic interactions between motifs,
Using the subset of the data that was appropriate
for interaction analyscs, we determined that most
of the cis-clements examined functioned with
little epistasis (SOM text, section 4, and fig. S5).
Further evidence for motif independence was
obtained by motif substitution experiments { SOM
text, section 5, and fig. 56). This indicated that
we could use multivariale regression ( /6) as the
analytical framework to quantify motif activity.

Model predictions approximate the observed
data well and are robust o several analytical
scenarios (SOM text, section 6, fig. 87, and tables
51 and 53). After considering the advantages and
drawbacks of these scenarios, we chose o con-
tinue pur analyses with additive regression mod-
els (SOM text, section 6). These models explain
30 to 89%% (mean 67%) of the variance of ex-
pression at each element (table S1), again under-
scoring that genetic independence explains most
of the data well. Consistent with additivity, we
express motif function in “expression frequency

unils” (efu), meaning that a motif with an inferred
activity of x efu increases by x the percentage of
muscle cells in which expression is detected
(SOM text, section 3). The mean per-clement
fraction of activity attributed to the motifs is 83%.
The 77 motifs affect element activity by ~(L14 10
0.45 cfu (Fig. 2A), with 39 motifs having
significantly nonzero activating function ( partial
regression cocfficient ¢ statistic, P < 0.05).
Having obtained quantitative estimates of
motif activity, we examined cach element’s func-
tional architecture. Apart from the obvious clus-
tering of functional motifs, we were unable to
discem any features (such as spacing, order, and
relative orientation of motifs) that might explain
the functions of individual motifs or of the ele-
ments as a whole, which would have shed light
on organizational principles of regulatory
elements. Indeed, there is notable helerogencity
among the loci: Elements are built from motifs of
widely varying activity, from different combina-
tions of maotif types, and in diverse arangements
{Fig. 2B). For example, the cis-clement at CK
spans 31 bp and consists of one intermediate and
one strong Thx6 motf, whereas the AT1 cis-
clement consists of two weak CRE molils,
followed by two intermediate Thx6 motifs and
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Fig. 1. Experimental design. For each of 19 loci, initial deletion series (truncated lines) locate
regions of concentrated function {(gray bar). Fine-scale deletions and site-directed mutations {open
circles) target putative motifs (solid circles). Set of constructs is represented as matrix X of
categorical explanatory variables (ones and zeroes) whose replicated transfections yield expression
measurements (matrix ¥ of y,). Functional contributions of individual motifs (By to Bl are
estimated with regression models. YFG, your favorite gene.
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a strong MyoD motif, across 35 bp. Although
motif independence is prevalent, elements do
somewhat differ in how much genetic interaction
exists. At MBP and AT2, for example, the
additive model explains the data very well with
high comelations between the predictions and the
actual data (Peeppe = 0.83, Pooan = 077
tables 81 and 53) and with little function
unexplained by the model, Function at MAI,
by contrast, is not deseribed as well by models
without interactions (table 839,

Conceivably, the heterogencous regulatory
architectures specify subtle differences in ex-
pression pattem or iming during developmental
stages or physiological conditions not assayed
here. It is clear, however, that the genes' tight
coexpression in the embryonic tail muscle is
achieved by a common and restricted set of three
transeription faclors acting upon vastly different
cis-¢lement architectures, the diversity of which
defies the expectation that commonalities in
design underlie co-regulation.

In stark contrast to the apparent flexibility of
regulatory architecture, we observed little change
in motif activity, order, or composition between
orthologous elements of C. intestinalis and C.
savigryi, (Neutral sequence divergence between
the two Ciona species is approximately equiv-
alent 1o that between mammals and birds, ruling
out the possibility that these sequences have
not been afforded enough time o accumulate
change.) Al single-copy genes, 26 of the 27
modifs with statistically significant activity have
a clearly orthologous counterpart, Onhologous
motifs drive very similar, in many cases indis-
tinguishable, amounts of activity (Fig. 3A). For
example, both MBP onhologs are regulated by a
strong MyoD), a weak Tbx6, and a weak CRE
modif, with less than 0.039 efu average deviation
in individual motif activity. In total, the activity
of orhologous regulatory motil’ pairs is highly
correlated between the two specics (Spearman’s
p=0.61, < 0L005; Fig. 3B), Thus, co-regulated
pene expression al these loct has been main-
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tained by conserving the locus-specific ancesiral
cis-regulatory architectures, with punfying sc-
lection tolerating little functional flexibility,

Strong constraint is evident at the sequence
level as well. Functional regulatory motifs ex-
hibit far fewer substitutions than the genome-
wide average (P < 3.8 = 107'") (SOM text,
section 7, and fig, SBA). The pairwise identity
between orthologous functional motifs is 7%,
whereas the genome-wide background identity
is <200 (including insertions and deletions).
Sequence identity markedly drops off outside
the boundaries of the functional motifs {Spear-
man's p = -0.57, P < (L05), reaching genome-
wide background levels within 12 bp (fig. S8B).
Finally, there is less population genetic variation
inthe motifs than on average in the genome (/7)
(SOM text, section 7. and fig. S10). This dem-
onstrates that the motif sequences are subject to
far greater evolutionary constraint than flanking
sequence and that the functional motifs them-
sclves are the units maintained by purifying
selection.

The sequence changes that have oceurred are
not distributed evenly among the orthologous
motifs, with functionally strong motifs having
accumulated fewer substitutions than weak
motifs. Notably, motif’ activity is significantly
correlated with percent identity (Speanman’s p =
0.35, P = 0.05). This is likely due to strong
rezulatory motifs being responsible for a larger
fraction of the tofal function of a regulatory
element; substitutions in them will therefore re-
sult in greater phenotypic consequences and be
subject to stronger levels of purifying selection,
deereasing the evolutionary rate of the element.

Further emphasizing that the activity of an
element is controlled tghtly by evolutionary pres-
surcs is a case of compensatory evolution in AT2.
Two Tbxé motifs (Fig. 3, A and C) are
functionally strong in one species and weak in
the other, in a complementary patiem. These
activity differences comelate with substitutions
away from or toward the motif consensus (Fig.
3C). The functional differentiation of these cis-
regulatory motifs did not result from motif gain or
loss but from base substitutions that modified
motif activity.

Comparison of the cis-regulatory architec-
tres of the three groups of paralogs from C
sgvigmd presents a strong contrast o the highly
constrained orthologous cis-clements. The paral-
ogous archileciures show a high degree of
differentiation in the form of element and motif-
level sequence tumover as well as functional
divergence of well-aligned motifs (Figs. 2B and
3D). Thus, whereas purifying selection acting on
orthologous motifs in single-copy genes is strong
enough to maintain conservation of regulatory
motif sequence and function over long evolu-
tionary distances, the paralogous motifs of clus-
ters of genes that encode the same protein exhibit
far greater rates of wmover, We speculate that
this greater flexibility in elements of ¢lustered
multicopy genes is tolerated because changes in
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the activity of one element have a small effect on
the total function of the cluster,

The two most prominent developmental
mechanisms that build a multicellular organism
are pattem formation and cellular differentiation.
Previous studies of regulatory architecture and
evolution were conducted in pattem formation
systems, either by leveraging sequence compar-
isons and broad functional genomic data (/8- 20)
or by studying a single regulatory element in
detail (27-24). By contrast, we dissected the
regulation of coexpression during cellular differ-
entiation and ntroduced a quantitative frame-
work for targeted expenimental analysis of motif’
function. Using the Ciong muscle system, we
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demonstrated that coexpression 15 driven by
regulatory motifs of broadly varving activity
assembled into a diverse array of cis-elements,
Despite this flexibility in cis-regulatory archi-
tecture, motif-level sequence and function are
exquisitely maintained in distantly related ortho-
logs, Thus, whereas a diversity of cis-regulatory
architectures can generate nearly identical phe-
notypic outputs, the fitness landscapes separating
them appear to be sufficiently rug ged to constrain
their evolution (23),

Our findings have implications for under-
standing genetic variation in such co-regulatory
systems. Polymorphisms in cis-clements will
range in phenotype, depending on the amount
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Fig. 3. Evolution of motif activity. (A) Motif-level distribution of requlatory activity at six orthologous
gene pairs. Distance from transcription start site and motif activity are plotted along the x and y axes,
respectively. Open and solid circles represent individually resolved C. savignyi and C. intestinalis motifs,
respectively. Colors are same as in Fig. 2. (B) Conservation of orthologous motif activity. C. intestinalis and
C. savignyi motif activity plotted against each other. {€) Compensatory evolution of AT2 regulatory
elements for C. savignyi {top) and C. intestinalis (bottom). Arrow direction and thickness represent Thu6
motif orientation and strength of match to its position-specific scoring matrix. Bar plots depict activity of
each Thxé motif, as estimated from additive regression models, (D) Functional turnover in paralogous
maotifs. Plotted as in (B). Error bars in all panels depict standard error.

of activity that the affected motif contributes o
the function of its element; the most direct evi-
dence for this view is the wide range of effects on
cis-clement function by the individual motf
mutants we tested. Similarly, a polymorphism in
a trans-acting factor will not affect expression of
all targets equally but will instead have a target-
specific effect whose magnitude is determined by
the architecture of the target’s cis-clement. These
conclusions highlight the challenges that lie
ahead for interpretation of genetic varation in
gene regulatory systems, including those of ver-
ichrales, Ciona’s most advanced close relatives.
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Mutual Feedbacks Maintain Both
Genetic and Species Diversity
in a Plant Community

Richard A. Lankau®*t and Sharon Y. Strauss

The forces that maintain genetic diversity among individuals and diversity among species are usually
studied separately. Nevertheless, diversity at one of these levels may depend on the diversity at the
other. We have combined obsenvations of natural populations, quantitative genetics, and field
experiments to show that genetic variation in the concentration of an allelopathic secondary compound
in Brassica nigra is necessary for the coexistence of B. nigro and its competitor species. In addition,
the diversity of competing species was required for the maintenance of genetic variation in the trait
within B. nigra. Thus, conservation of species diversity may also necessitate maintenance of the
processes that sustain the genetic diversity of each individual species.

wealth of theoretical and empiriecal
Arm{:,an:h has sought the mechanisms that

enable multiple competing species to
coexisl in a given area (/-3). Similarly, much
research in population and quantitative genetics
explores processes that promote the maintenance
of allelic vanation (Le.. genetic diversity) at loci,
especially for traits with potential selective
impacts (4-6). Recent theoretical and empirical
studies suggest that diversity at one level may
depend on the diversity of the other (7-/1).
Selection pressure on specific traits varies with
community composition, suggesting a role for
species diversity in maintaining genetic diversity
(12)., Addiionally, genetic diversity in plant
populations can detenmine the species diversity
of associated arthropods and microbes (7-9).
However, no studies have explicitly studied how
species and genetic diversity may interact, creai-
ing feedback loops that simultancously maintain
diversity at cach level.

Plants in the family Brassicaceac all produce
glucosinolates (amino acid-derived secondary
compounds that consist of a f-thioglucose res-
idue, an A-hydroxyiminosulfate moiecty, and a
variable side chain) that, in the presence of the
myrosinase enzyme, break down into isothiocya-
nates and other products toxic w many herbi-
vores, bacteria, mycorthizal fungi, and other
plants {/ 3-15). Thus, glucosinolates affect a host
oforganisms and are ecologically important com-
pounds in natural communitics. We tested the
hypothesis that changes in the mean level of a
glucosinolate allelochemical could lead (o changes
i plant community structure (potentially through
allelopathic or antimycorrhizal effects) that, in
tum, would feed back to affect selection on the
allelochemical. Brassica nigra was selected for
study because B migra, unlike most other
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members of the Brassicaceae, has the desirable
property that 90 to 99% of its glucosinolates ane
in the form of a single compound: sinigrin (allyl-
glucosinolate), which is a heritable wait (/6. /7).
Because of sinigrin’s effects on heterospecific
plants and mycorhizal fungi (mutualists that
benefit most plant species but not members of the
Brassicaceae), we hypothesized that investment
to sinigrin should benefit 8. migra genotypes com-
peting with heterospeci fics but not conspecifics.
To determine whether there were possible
feedbacks between natural variation in commu-
nity composition and varation in B. nigra
sinigrin concentration, we sampled naturally
oceuming B, nipra individuals along a gradient
ranging from a monospecific stand of pure B
nigra to areas dominated by a mix of other spe-
cies (heterospecifics). with only a few widely

(=]
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i,

Relative Fitness
P

Fig. 1. Fitness of naturally occurring 8. nigra
individuals versus their sinigrin concentration
(standardized) and the percentage of cover of
B. nigra in a 1 m® circle around the target plant
{arcsine transformed). Black dots represent
actual data points, and the mesh surface graphs
the predicted values from a multiple regression,
including the two terms and their interaction
{18). Lines running left to right on the surface
can be interpreted as predicted selection
gradients at different levels of B. nigra cover.
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spaced B wigra individuals. We estimated the
percentage of cover of four functional groups (8.
nigra, heterospecific forbs, grasses, and bare
ground) in a |-m-diameter circle around each se-
lected individual. We also measured the sinigrin
concentration in leaves and final fitness for cach
individual (/8).

We found that the sclective value of sinigrin
increased as the community became dominated
by heterospecifics (Fig. 1). However. for B nigra
individuals growing mostly with conspecifics,
high sinigrin concentrations were comelated with
lower fitness (Fig, 1), resulting in a significant
interaction between the effects of sinigrin con-
centration and percentage of cover of B, nigra on
the finess of individual plants (F, 45 = 6,065, P<
0.05, R = 0.278, multiple linear regression).
Additionally. the cover of heterospecific forbs
immediately surmounding the sampled B. nigra
individuals declined significantly with increasing
sinigrin concentrations in the sampled 8. nigra
plants (Fig. 2). Thus, not only does the selective
value of sinigrin concentration seem o depend
on community composition, but the community
composition may also depend on the sinigrin
concentrations of individual plants.

Our observations suggest that eyelic dynam-
ics between selection pressures and commumnity
composition could lead to the simultancous
maintenance of both genetic diversity in sinigrin
genes and species diversity in the plant commu-
nity. To test this hypothesis nporously, we
performed a community invasibility experiment.
Using plants from six naturally occurring pop-
ulations and three generations of antificial selec-
tion, we created lines of high- and low-sinigrin 8.
nigra: the mean values of sinigrin in both lines
were within the natwral range found in these
populations (14).

For community diversity, we collected sceds
from three abundant, co-occuming, and phyloge-
netically diverse competitor species [Amsinckia
menziesii (Boraginaceae), Sonchus oleracens

—
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[4] " . PN - e
=
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E 0.4 4
= r=~0.368
20291 P<oos * *o*,
5]
# 0 ; b

0 002 004 006 00 0.1

Sinigrin concentration of target plant

Fig. 2. Percentage of cover of heterospecific
forbs in a 1 m® diameter circle surrounding the
sampled B. nigra individuals versus the sinigrin
concentration of those ampled individuals. The
heterospecific forbs consisted of a mix of species
including A. menzesedi, 5. oleraceus, M. paniflora,
and Silybum marianum,
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{Asteraceac), and Malva parviflora (Malvaceae)].
B. nigra grows naturally both in dense monospe-
cific stands and in diverse heterospecific stands
with these three species in the field (Fig. 2). We
made three replicated community types in the
ficld: high-sinigrin B. nigra monocultures, low-
sinigrin 8. migra monocultures, and a three-
species mixed heterospecific community. Each
community consisted of 24 neighbor plants sur-
rounding one target invader. Into each synthetic
community, we introduced one focal plant (as an
“invader™). Invader plants were cither a high- or
low-sinignn B migra or a heterospecific individ-
ual from one of the three other species. Plants
were grown 25 cm apart, with 3-m alleys be-
tween communities, For each community type,
we grew 11 communities with a high-sinigrn in-
vader, 11 with a low-sinigrin invader, and 7 with
cach heterospecific species as the invader (/8).
Thus, sinigrin concentrations and community
composition (hetero- or conspecific) vary among
our experimental communities, resulling in ge-
netic and species diversity at the field rather than
the plot scale. Theory has shown that competitive
coexistence of species or alleles occurs only
when all species (or genotypes) can invade when
rare (f9). Thus, this design allows us 1o test
directly whether the genetic variation in sinigrin
among our experimental communities will lead
to the maintenance of species diversity (and vice
versa) by testing whether all species and geno-
types can invade at least one community type
other than their own,

Consistent with observational data in the
field, we found that high-simigrin B nigra invad-
ers had greater fitness than low-sinignn B. migra
genotypes when invading diverse heterospecific
communities. In contrast, low-sinigrin genotypes
were better than high-sinigrin genotypes at invad-
ing monospecific stands of B, migra, regardless of
the sinigrin level of the B, wigra community
[invader genotype (high versus low sinigrin) by
community (Srassica versus heterospecific) in-
teraction; log-likelibood mtio (LR) = 410, P <
0.05] (Fig. 3, generalized lincar model). Thus, the
fimess of a B migra genotvpe depends on the

community composition {diverse versus mono-
culture) that it invades,

Heterospecific invaders were sensitive to the
genotype of £ nigra and had significantly lower
fitness in communities of high-=sinignn versus low-
sinignn B, nigra genotypes [community (high
versus low), LR = 6.54, P=0.01](Fig. 3). Despite
low sample sizes, two of the three heterospecific
species (A, menziesii and §. oleracens) showed
significant reductions when analyzed alone (LR =
405, P <005 and LR = 541, P < 0,05 respee-
tively), whereas the third (M parviflora) showed
a nonsigni ficant trend in the same direction.

Coexistence generally requires that species
compete more strongly intra- versus interspecifi-
cally (/-3) Therefore, we also measured the
filness of these three competitor species when
invading monospecific communities of their own
species, o provide an estimate of pure intra-
specific competition for each species. Interest-
ingly, there was no difference in heterospecific
invader finess when invading a monoculture of
their own species versus when invading an “aver-
age™ 8. nigra monoculture (combining high- and
low-sinigrin communities) for any of the three
heterospecific species (LR < 0L65, P = 040 for
all). This result suggests that genetic vanation
among B. nigra competilors was more important
than differences between competitor specics in
determining fitness of heterospeci fic competitors.
Thus, if one ignores genetic variation in B. migra,
the requirement for coexistence does not seem lo
be miet (for all three species, intraspecific compe-
tition s equal to or weaker than interspecific
competiion with “average™ B, nigra). Only when
one considers the role of genetic variation in the
competitive ability of different 8. nigra lines is
coexisience predicied.

The observed differences in heterospecific
invader fitness in seed production persisted into
the next generation in the field, resulting in
higher seedling densities in low-sinigrin com-
munitics compared with high-sinigrin commun-
itics (all specics combined, LR = 5.06, P < (L05;
A. menzigsii, LR = 4.59, P < 0.05; 8. oleraceus,
LR=424, P<005; M. parviflora, LR = 0433,

Fig. 3. Fitness of imvaders

in the three community Ly
types (means + SE). Gray
bars represent the average 6000 1

O High-Sinigrin Invader
m Low-Sinigrin Invader
0O Hetarospecific Invader

response of the three het- 35
erospedfic species. See text g‘
for statistical comparisons. O

High Sinigrin
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Low Sinigrin
Community Type

Heterospecific

P =0.51) (Fig. 4). Thus, genetic variation in B,
nigra affected the population dynamics of com-
peting species,

Because our analyses are based on the
comparison of our artificially selected lines, it is
possible that any effects we detect are due to
pleiotropic effects or genes closely linked to
those controlling sinigrin concentrations, rather
than the direct action of sinigrin. The evolution-
ary implications are the same in cither case, be-
cause our invasion analysis still predicts how
sinigrin concentrations are expected 1o increase
or decrease through time, whether through the di-
rect actions of sinigrin or as correlated responses to
selection on closely linked genes. Nevenlheless,
we have some evidence that sinigrin iiselfmay be
driving these patiems. Glucosinolales have been
extensively studied as defenses against herbi-
vores (11, 12); however, rates of herbivory by
generalist and specialist herbivores were gen-
erally low and did not differ between community
or invader types.

Another possibility is that mycorrhizal fungal
communities are altered by sinigrin or its break-
down products. Glucosinolates have known anti-
fungal propertics (13) and have been proposed to
mediate competition between mustards and other
plants through their effects on arbuscular mycor-
rhizal fungal mutualists of competitors (20), To
explore this possibility, we estimated the nycor-
rhizal infection potential (MIP) of soils taken
from 10 plots of each community type (high-and
low-sinigrin B. migra monoculiures and mixed
communities of the three heterospecifics), using
Sowghum bicofor as an indicator species (/8, 27).
The plant community type had a large, significant
effect on the MIP of the soil samples (R = 0.677,
Fa47=15717, P< 0,001, analysis of variance).
Soils from under high-sinigrin 8. nigra commuin-
ities had significantly reduced MIP compared
with soils from low=sinigrin communitics, with
soils from diverse heterospecific communities
intermediate between them (Fig. 5).

18

16 - »
L
14 4
12
10 4

Amsinckia Sonchus Malva

Fig. 4. Seedling density of the three hetero-
specifics in the following growing season, compar-
ing high- and low-sinigrin B. nigra communities
into which a heterospedfic “invader” of the same
species had been planted in the previous year
{means + SE). Asterisks indicate significant (P <
0.05) differences between high- and low-sinigrin
communities within an invading species.

O High-Sinigrin
Community

B Low-Sinigrin
Community

Seedling Density
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Fig. 5. Mycorrhizal infection potential (measured
as the percentage of root sections colonized with
mycorrhizal fungus) in scil from high- and low-
sinigrin B. migro communities and mixed hetero-
specific communities (means + SE). Bars sharing
the same letters are not statistically different.

Plants in the Brassicaceae are chamaclensti-
cally nonmycorrhizal, whereas we observed that
the three heterospecific competitors, like almosi
all other angiosperms, do form mutualistic as-
sociations with mycorrhizal fungi. Therefore, the
observed pattem in MIP among  community

types may explain the pattem of lower fitness of

heterospecifics in high-sinigrin B. nigra com-
munities and higher fitness of high-sinigrin 8.
migra invaders in heterospecific communities.
The higher fitness of low-sinigrin 8. nigra invad-
ers in B. nigra monocultures is consistent with a
cost of sinigrin production { 22) and little benefii
ofhigh sinigrin levels when competing with non-
mycorrhizal B, nigra neighbors. Other mecha-
nisms, such as direct allelopathy, may be acting
as well (29).

Owr field data show an intansitive compet-
itive hierarchy between competing species and
genotypes leading to cyclical dynamics; high-
sinigrin 8. migra can invade diverse communitics
ofother specics, low-sinigrin 8, migra can invade
patches of high-sinigrin 8. nigra. and other
species can invade paiches of low-sinigrin B,
migra. Thus, cach species or genotype is able
invade at least one other community type, pro-
moting coexistence through mutual invasibility
{719}, For instance, a diverse, heterospecific come-
munity could be invaded by high-sinigrin geno-
types of B. migra. As B. nigra rises inabundance,
displacing heterospecifics, selection will begin to
favor lower-sinigrin concenirations. If sinigrin
concentrations fall low enough, heterospecific
species may be able to reinvade the community,
starting the cycle over. This kind of “rock-paper-
scissors” intransitivity has been shown to allow
coexistence between species (24, 25) and geno-
types within species (26, 27), but few swdies
have investigated intransitive networks consist-
ing of different species and genotypes within one
species (28)

The experimental results, combined with nat-
ural observations, show that in this system, the
maintenance of species diversity is dependent on
sufficient genetic varation, because without this
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vanation the system would become dominated
by 8. migra (if sinigrin levels are uniformly high),
or by other species (if'sinigrin levels are uniform-
ly low). Simultaneously, the maintenance of ge-
netic variation is dependent on species diversity,
because sclection is predicled to fix sinigrin
levels at their lowest level iff other competing
species are not present, Our experiments show
that a trade-off between intra- and interspecific
competitive ability in the genetically variable
species led to an intransitive competitive hicrar-
chy among competing species and genotypes,
thereby promoting coexistence. These resulis
clearly show the potential for genectic variability
and microcvolution within specics to alter com-
munity dynamics and structure, Conscrvation
efforts aimed at maintaining species diversity
therefore should not overook the potential im-
pacts of losses of genetic diversity, which could
ultinmtely lead to losses of interacting species.
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Quantitative Imaging of Nitrogen

Fixation by Individual Bacteria
Within Animal Cells

Claude P. Lechene,™ Yvette Lujrten,zt Gregory McMahon,' Daniel L. Distel®*

Biological nitrogen fixation, the conversion of atmaospheric nitrogen to ammonia for biosynthesis,
is exclusively performed by a few bacteria and archaea. Despite the essential importance

of biological nitrogen fixation, it has been impossible to quantify the incorporation of nitrogen
by individual bacteria or to map the fate of fixed nitrogen in host cells. In this study, with
multi-isotope imaging mass spectrometry we directly imaged and measured nitrogen

fixation by individual bacteria within eukaryotic host cells and demonstrated that fixed nitrogen
is used for host metabolism. This approach introduces a powerful way to study microbes and

global nutrient cycles.

acteria and archaca responsible for
B biological nitrogen fixation can be found

in free-living form (/-3) or in symbiosis
with algae (4, 5), higher plants (3, 5), and some
animals (6-8). Although these microbes are a
critical part of the global nitrogen cycle (9), there
has previously been no means to evaluate this
fixation process at subcellular resolution. This is

now possible with multi-isotope imaging mass
spectrometry (MIMS) (J60).

Wood and woody plant matenals are abun-
dant in the biosphere (/) and are important
nutrient sources for a variety of fungi and
microorganisms (/7). Yet few animals are able
to feed primarily on wood (/3). Although rich in
carbon, wood typically contains two orders of

14 SEPTEMBER 2007

1563



REPC

'ORTS

1564

magnitude less nitrogen per unit of carbon than
does animal tissue (/4). Animals using wood as
food must therefore obtain other sources of
combined nitrogen for biosynthesis. For exam-
ple, wood-cating tenmites are thought o supple-
ment their diet with nitrogenous compounds
produced by nitrogen-fixing bacteria inhabiting
their gut (4), This conclusion s supported by
observations that a variety of nitrogen-fixing
bacteria have been cultivated from temmite guts
{ 1) or detected by culture-independent methods
(15, 16), and that subsiantial rates of nirogen
fixation have been measured in association with
termute guls and intact termite colonies (4), Di-
rect measurement of nitrogen fixation by indi-
vidual bacieria and of nitrogen use by host cells,
however, has remained impossible.

Nitrogen fixation has also been detected in
intact specimens of wood-cating marine
bivalves of the family Teredinidac (commonly
known as shipworms) (f7), but the site of
fixation and the identity of the nitrogen-fixing
microorganisms have not been previously
determined. Although conspicuous commu-
nities of nitrogen-fixing bacteria have not been
found in the gut of shipworms (/13), as they have
in termites, dense populations of intracellular
bacterial symbionts have been observed in cells
(bacteriocytes) in a region of shipworm gills
known as the gland of Deshayes (/8). Moreover,
a bacterium ( Teredinibacter turnerae) capable of
fixing nitrogen gas (N5) in pure culture has been
isolated from the gills of numerous shipwonm
specics (J9, 20), and it presence in the gill
symbiont community of the shipworm Lirodus
pedicellans has been confirmed by in situ
hybridization and quantitative polymerase chain
reaction analysis (2/-23). These observations
raise the questions of whether bacterial sym-
bionts within the gills of L, pedicellans can fix
nitrogen and whether this fixed nitrogen is
supplied to the host.

We localized and measured nitrogen fixation
by individual cells of T2 mermerae in pure culture,
by individual bacterial symbionts in the gill of L,
pedicellams, and in subcellular domains of
bactena-free host tssue, using MIMS (/0) 1o
measure the incorporation of nitrogen gas
enriched in the rare stable isotope “N. With
MIMS methodology, quantitative mass images
(OMIs) were generated (and the isotope values
derived) by quantifying light and heavy isotopes
of secondary cyanide ions ('*C"N~ and
2CENT) produced by bombardment of the
tissue with a primary cesium ion beam (/).
The tissue was visualized by mapping the

*Mational Resource for Imaging Mass Spectromatry, Harvard
Medical School, and Brigham and Women's Hospital, 65
Landsdowne Street, Cambridge, MA 02139, USA. *Ocean
Genome Legacy, Center for Marine Genomic Research, 240
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distribution of the naturally abundant isotope
"IN (as represented by “C''N) to produce a
high-resolution image of nitrogen-containing
tissue. A second image, simultancously acquired
in parallel, mapped the distribution of the rare
Isolope N {as represented by '3(."5h"} (24,
The incomporation of "*N imacer could then be
measured by comparing the two guantitative
images to determine the increase of NN
ratios as compared to the natural abundance ratio
(0.00367). We represented the enrichment of
"*N in tissue using a color-coded transform [hue
saturation intensity (HSI)] of the isolope ratio
values ([, 23),

We first established that MIMS could be used
to measure nitrogen fixation by individual cells
of I twrnerae grown in axenic culture in vitro
(24). When grown in the presence of '“N. tracer
{without a combined nitrogen source in the medi-
um), biological nitrogen fixation could be de-
tected as a time-dependent increase in the ""N/N
isolope ratio in individual bacteria. In cultured
I. turnerae, we found that the mean N frac-

tion increased by a factor of 7 0 9 over 15
natural ratio after 30 min, by a factor of 20 to
28 after 8 hours, and by a factor of 68 after 7
days (Fig. 1, A to C). There was no detectable
elevation of the "N/'N ratio in cells of
Entervcoccns faecalis, a bactedum lacking the
ability to fix nitrogen, when grown for the same
estimated number of gencrations in the presence
of the '"N: tracer and analyzed together with
T twrmerae in a mixed population (Fig. 1, Ato C).

We then applied MIMS to measure the
incomporation of "N by symbionts within gill
bactenocytes in vivo by exposing L. pedicellans
to '"N-labeled N, while in their intact wood
burrows (24). After 8 days ofexposure, there was
a dramatic elevation of the “N/N ratio in
localized regions within the gland of Deshayes,
demonstrating the incorporation of gaseous "N,
into the molecular makeup of these regions (Figs.
1D and 2, A to [, and supporting online text).
The "“CHN QMIs (70) showed that these regions
appeared 1o contain densely packed bacteria. We
measured nitrogen fixation by thousands of

Fig. 1. N fixation by isolated I. furnerae bacteria and by bacterial symbionts within the marine bivalve
L pedicellatus. (A and B) Parallel QMis of one field containing T, turnerae (T and E. foecatis (Ef). (A) N,
(B) *C*5N". (C) HSl of the ratio (B)A). The image is 256 x 256 pixels; acquisition time was 30 min. Scale bar,
5 um. (D) Mosaic of HSI of the **CN/“C**N ratio from L pedicellatus. Each tile is 100 x 100 um and 256 x
256 pinels; acquisition time was 120 min per tile. Scale bar, 25 pm. The HSI scales represent the measured
I5N/A*N ratio divided by the natural abundance ratio. The scale ranges from blue (denating a factor of 1; that
i, the natural value) to magenta (denoting an increase over the natural value by at least the factor indicated
on the right of each bar). (E) Cartoon of (D), outlining the location of the gland of Deshayes (red), interlamellar
junctions (blue), ctenidial flaments (green), and bacteriocytes (outlines). In (C), the highest N incorporation
# seen in 7. turnerge and none in E. faecalis . In (D), the highest N incorporation is seen in bacteriocytes of

the gland of Deshayes.

WWW.SCIEncemag.org




individual symbiotic bacteria. The values of "N/
"*N ranged from a factor of 17 to a factor of 68
over the natural ratio, with a mean increase of a
factor of 39 (Fig. 4A, Table 1, and supporting
onling text). Furthermore, we were able 1o
successively image the same gill tissue sections,
first with transmission electron microscopy
(TEM) and then MIMS. The images produced
by the two methods could be precisely
superimposed, confimming the identity of the
densely packed bacteria observed in the MIMS
images (Fig. 2, G to ). This enabled us to find that
the regions immediately adjacent to the periphery
of individual bacteria had a degree of "N
incorporation that was slightly more elevated
{but with high statistical significance) than thai
within the bacteria (supporting online text). These
results demonstrate that nitrogen is fixed by
endosymbiotic bacteria within the gills of L
pedicellanes and suggest that molecules containing
fixed nitrogen are transported to the proximity of
the bacterial cell surface. The variation in "N
fixation among individual bacteria could reflect
differences in the physiological stale of symbionis
or genetic differences among symbionts within
individual bacteriocytes. The latter is consistent
with previous observations indicating the co-
existence of multiple symbiont Abotypes within
individual bacteriocyies in L. padicellams (22).
The variation could reflect bacteriocyles at
different stages of development (26).

The ""N/"*N ratios were also elevated in gill
regions and structures that were free of bacteria,
such as in discrete cells located at the base of the
gill filaments and in individual cilia in the gill
apex where new filaments are formed (Fig. 3, A
to C and E to J). We circumscribed hundreds of
subcellular regions of interest (ROIs) on these
structures and found increased "N/N values
ranging from a factor of' | 4 to a factor of 11 over
the natural ratio, with a mean increase of a factor
of 5 for ROls in both the clenidial (gill) filaments
and interlamel lar junctions (Fig. 4A, Table 1, and
supporting online text). We confirmed the absence
of symbionis in these ROIs by TEM analysis (Fig.
3D). Although "N was incorporated in symbiont-
free regions, the highest values in these regions
were lower than the minimum value measured in
the symbiotic bactena (Fig. 4A and Table 1). The
abserved distribution of "*N incomporation (high in
symbionts, low in symbioni-free cells) is con-
sistent with the ransfer of newly fixed nitrogen
from s source in symbionis 1o 115 inclusion in host
cellular pools. These resulls provide strong
evidence that newly fixed nitrogen is used by
shipworm cells for biosynthesis (Fig. 4B).

MIMS technology has allowed us to localize,
quantify, and compare nitrogen fixation in single
cells and subcellular structures. We have demon-
strated nitrogen fixation by individual symbiotic
bacteria and have provided strong evidence of its
use by the host. This symbiotic strategy is
reminiscent of symbioses proposed to oceur in
the root nodules of leguminous plants and may
explain the unusual ability of L. pedicellans o
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Fig. 2. (A) to (F) nitrogen fixation by individual bacteria within
bacteriocytes. (G) to (I) TEM followed by MIMS analysis of the same
field, (A and B) QMI within the gland of Deshayes. (A) **C**N", (B)
2C15N", (€) HSI of the ratio (BM(A). The image is 256 x 256 pixels;
acquisition time was 180 min. Scale bar, 15 um. Regions with
elevated **N/**N ratios contain nitrogen-fixing bacteria (fig. S3, D
to I). (D and E} QMI from field outlined by pink box in (C). (D)
2C¥N, (B) 22CN". (F) HSI of the ratio (E)AD). The image is 512 x
512 pixels; acquisition time was 880 min. Scale bar, 5 pm. HSI
scales represent the measured “*N/**N ratio divided by the natural
abundance ratio. {G and H) TEM followed by MIMS analysis of the
same field [white box in (C)]. (G) TEM image. (H) *C**N” QMI. The
MIMS image is 317 x 317 pixels; acquisition time was 844 min.
Scale bar, 1 um. () Overlay of (G} on (H). Note the excellent registration of the TEM and MIMS

images.

M "1| . 1 6 I~ 12

Fig. 3. Hevdijr fixed nitrogen in bacteria-free regions of L pedicellatus. (A and B) QM of a ctenidial
filament. (8) **C**N". (B) *“C**N". (C) HSI of the ratio (B)/(A). The image s 256 x 256 pixels; acquisition
time was 200 min. Scale bar, 5 pm. {D) TEM of a section consecutive to (A) to (C). Scale bar, 5 pm. (E
and F) QM of a lateral cilium. (E) 2C**N". (F) *C**N". (G) HS5! of the ratio (FV(E). The image is 512 x
512 pixels; acquisition time was 880 min. Scale bar, 3 um. (H and 1) QM of the area boxed in (E) to (G).
(H) 2C2* N, (1) 2N (1) HSI of the ratio ()/(H). The image is 512 x 512 pixels; acquisition time was
880 min. Scale bar, 1 um. HS| scales represent the measured *N/**N ratio divided by the natural
abundance ratio. Note the elevated **C**N/*C**N ratios in bacteria-free cells and cilia.
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Table 1. *N incorporation in L. pedicellatus expressed as the experimentaliterrestrial **N/**N ratio.

N Mean SD Maximum Minimum
Bacteria within bacteriocytes 1863 39.1 11.9 67.9 17.1
Ctenidial filaments 254 5.44 2.67 11.0 139
Interlamellar junctions 152 5.31 2.02 9.81 1.53
J B 12. G. Daniel, in Wood Deteriaration and Preservation:
"HITN N, Advances fn Our Changing World, B. Goodell,
70 1 ~+— AM D. Nicholas, T. Schultz, Eds. (American Chemical
* Fixed N Proteins Society, Washington, DC, 20030, pp. 3472,
Bacleocyle | cp| —— s 13, . L Distel, in Wood Deferioration and Preservation:
Fhaod N | L Adwances in Our Changing World, B. Goodell,
[ D. Nicholas, T. Schultz, Eds. (American Chemical
5 Crgan of Deshayas SE— Society, Washington, DC, 2003), pp. 253-271.
= Symbioni-fres celis 14, R. Rynk ef of,, On-Farm Composting Handbook
3 s I . o — (Northeast Regional Agricultural Engineerng Service,
Fig. 4. Incorporation of “°N by bacteria in Ithaca, NY, 19%2).
§_ 0 bacteriocytes and nitrogen use by symbiont- 15. 5. Noda, M. Ohkuma, R. Usamd, K. Horikeshi, T, Kudo,
] free tissues. (A) Box plots of the **C**N/ Appi. Environ. Microbiol. 65, 4935 {1999),
207 1214y isotope ratios within the bacteriocytes 16, :5 ﬂ::;n[ai;g;;:,m' T. Kuda, Appl, Environ. Microbiol,
0 | and in symbiont-free cells (see box plot |, ¢ coaner ). L. Culiney, Science 187, 551 (1975,
i| == description in fig. 54 legend). (B) Cartoon of 15 | papham, M. Dickson, Mar. Biol 19, 338 (1973),
= T proposed nitrogen fixation and transport in L

Baciena Inerdamallar  Matural

Juncliong Ratio

Clenidial
Filsmants

pedicellatus. Nitrogen diffusing from seawater
into the gill tissue is fixed by symbiotic

bacteria (SB) in the gland of Deshayes, then transported away and diluted into the host's biomass
pool, providing nitrogen for synthesis of amino acids (AA), proteins, nucleic acids (NA), glycoproteins
(GP}, and compound lipids (L} used for host tissue metabolism,

survive and grow on anearly nitrogen-free diet of
wood (27) (Fig. 4B). Thus, this work suggests a
function for the shipwomvbacteria symbiosis
that has not been demonsirated previously for
any other animal endosymbiosis: the conversion
of nitrogen from atmospheric gas into animal
biomass. This method, which also can be applied
to measure the distribution of any stable {or
radipactive) isotope-labeled molecule at micro-
meter o nanometer scales, provides a iemplate
for the study of individual microbes in a
population and of their roles in the physiology,
pathology, and ecology of life.
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Real-Time Cell Monitoring

The ECIS 9600 is a high-throughput instrument designed to monitor cells grown in spe-
cial arrays having a standard 96-well plate configuration and footprint. Like other elec-
tric cell-substrate impedance sensing (ECIS) instruments, it uses a very weak AC current
to measure the impedance of a small active electrode in each well in real time to provide
nearly immediate indications of cell activity and response to agents. The consumable 96-
well arrays are easily connected to the instrument using a single lever to make electrical
contact, The instrument is capable of scanning all 96 wells in approximately 30 seconds
{with three AC frequencies available). In addition to noninvasive measurements, the ECIS
9600 can be programmed to apply elevated fields for cell migration measurements via
an automated wound-healing assay. The same high fields can also be used at shorter
duration to electroporate membrane-impermeable compounds into cells for analysis.
Data acquisition and analysis is handled by user-friendly software running on a2 Windows
XP Prafessional platform, with data readily converted to text files for export. In addition
to cell migration, assays can be devised for applications in signal transduction, cell inva-

sion, and in vitro toxicology.

Applied BioPhysics For information 866-301-3247www.biophysics.com

Workstation

The Carousel & reaction station is for individual
chemists who require ease of use, operational ver-
satility, and productivity in a benchtop synthetic
workstation. The Carousel 6 provides chemists
with a simple and convenient tool that can be con-
figured to simultane ously stir up o six reactions at
=70°C to +180°C, in a range of round-bottomed
flasks from 5 ml to 250 ml. Drop-in aluminum
inserts provide the flexibility for different sizes of
reaction flasks to be used in a single system. An
integral reflux head with central gas inlet and
radial distribution system, combined with gas-
tight PTFE caps, allows reactions to be carried out
under an inert atmosphere, The affordability of
the Carousel 6 brings the productivity benefits of
parallel synthesis to individual chemists at a frac-
tion of the cost of comparable systems. Its small
footprint requires a minimum of fume cupboard
space. It offers a cooling reservair option that is
compatible with a wide range of freering mixtures.
Radleys For information +44 1799 513320

www.radleys.com

Uniform Magnetic Microspheres

The ProMag magnetic microspheres are polymer-
based, highly uniform beads. Their surface
chemistry and surfactant-free preparation offer
easy attachment of ligands for many applications
in the life sciences, Rapid separation rates make
them suitable for automated assay systems or
benchtop use.

Polysciences For information 80D-523-2575

wivw, polysciences.com

RNA from a Single Cell

The ArrayPure Nano-scale RNA Purification Kit
provides all the reagents needed to purify RNA
from one or more eukaryotic cells, including
quantities typically obtained with laser capture
procedures. The kit contains only aqueous solu-

www.sciencemag.org SCIENCE VOL317

tions and requires no toxic organic solvents. A
nano-scale protocol has been developed and
tested with guantitative real-time polymerase
chain reaction on 1 to 10,000 eukaryotic cells.
ArrayPure is also compatible with RNA amplifica-
tion technigues in which microgram amounts of
RNA have been produced from 20 Hela cells.
Epicentre Biotechnologies For information
800-284-8474 www.EpiBio.comfarraypure.asp

Microscope with LED Illumination
The Leica DM1000 LED microscope features long-
lasting light-emitting diode {LED) illumination,
which provides color-neutral illumination and
rarely needs lamp replacement, An optional,
portable solar power supply is available for field-
based applications, LEDs offer lang service life,
low heat generation, and low power consumption.
Ergonomic features include height-adjustable
focus button and eye tubes that can be individu-
ally adjusted or configured with an ergonomic
15° viewing angle. The microscope features a hard
ceramic stage that can withstand years of use.
Leica Microsystems For information

+49 6441 29 2550 www.leica-microsystems.com

Therapeutic Protein Generation

The OptiCHO Express Kit is designed to quickly
produce high yields of therapeutic proteins from
CHO DGA4 cells. The 10-reaction kit comes com-
plete with a detailed protocol, cloning vector,
reagents, cells, and media all optimized to work
together. The kit allows users to transfect CHO
DGA4 cells in a serum-free environment, as well
as rapidly develop stable, high expression cell
lines. CHO DGA44 cells are a key bioproduction
cell line. Because they lack dihydrofolate reduc-
tase, when transfected with the right vectors,
they can be made to produce excess protein.
Invitrogen For information 716-774-6737
wwrw.invitrogen.comdbioproduction

High-Throughput Laser
Microdissection

The PALM CapturePlate 96 is a microtiter plate
designed to bring high throughput to laser
microdissection. Up to 96 specimens—isolated
tissue areas or cells removed from a tissue sam-
ple—can be taken directly from glass slides
without any manual intermediary step. The spec-
imen is obtained contamination-free through
the use of the unit's laser microdissection and
pressure catapulting (LMPC) technology. The
specimens can be distributed precisely among
the individual wells through the use of the PALM
RoboMover capture unit,

Carl Zeiss For information +49 {0) 3641 642770
wnw.zeiss.de

Literature

Automating Kinetic Fluarescence Whole Cell
Assays Using the Velocityl1 BioCel Screening
Platform is a technical poster that describes how
a labor-intensive, multi-step assay was auto-
mated, providing time savings and enhanced
assay consistency. Kinetic fluorescence whole
cell assays are widely used in high-throughput
screening laboratories, but automating them has
been a challenge. These assays frequently
involve wash steps and multiple plate additions
and ideally should be prepared entirely at 37°C.
The poster deseribes a protacol for performing
the entire processin a controlled environment.
For information +44 1763 269110
wwww.velocityll.com

Newly ofl ered instrumentation, apparatus, and laboratary
materials of interest to researchers in all disciplines in aca-
demic, industrial, and government organizations are featured
in this space. Emphasis is given 1o purpese, chiel characteris-
tics, and availability of products and materials, Endorsement by
Science or AAAS of any products or materials mentioned is not
implied. Additional inf ormation may be obtained rom the

| manulacturer or supplier,
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FACULTY POSITIONS

BIOLOGICAL CHEMISTRY FACULTY
POSITION
Wayne State University

The Department of Chemistry at Wavne State Uni-
versiy 'u.'l:Lz, applications for a tenure-track position
in the Division of Biological Chemistry. Preference
will be mven toward candidates at the ASSISTANT
PROFESSOR level. Candidates must have a Ph.1.
and the potential to develop a natonally recognized,
extermally funded research program of ourstanding
quality in any area of biological chemisiry, The De-
partment offers exciting opportunites for candidares
with research interests complementing a large group
of faculty working in the arcas of DNA, RMNA and
[!mu:in biochemistry, enzymology, carcinogenesis,
biophysical, bivorganic, and moinorganic chemistey,
as well as molecular and cellular bidogy (see de-
partmental website: hetp:/ Schem. wayne.edu for
further information).

The Department of Chemistry has a supportive
academic environment and a strong graduare pro
gram. Excellent opportunitics exist for collaborative
research with individuals i the Department of Buwo-
logical Sciences, the basic science departments in
the highly ranked School of Medicne, the College
of Pharmacy and Health Sdences, as well as in the
Center for Molecular Medicine and Genetics, the
Institute for Environmental Health Sciences, and
the Barbara Ann Karmanos Cancer Insutute. The
Department of Chemistry offers an excellent re-
search enviconment that includes ample, newly ren-
ovated research iboratories and a fully staffed Central
Instrument Facility that manages state-of-the-an
equipment for: electrospray ionization and MALID-
TOF mass spectrometry, circular dichroism, electron
paramctic resomance, surface plasmon resonance, trans-
mission ¢learon microscopy, and nuclear magnetic
resogance (NME ) (mcluding a 700 megherse [ MEz ]
NMRE with cryvoprobe). The Wayne State faculoy
also have access w the resources of the Michigan
Core Technology Albance (website: hiotp: £ /www,
craalliance.org,/), which incudes fadhnes Tor Bio-
TnfGrmancs, proteomics, genomics, animal models
and structural biology, including 900 Mz NME
and a dedicated synchrotron beamline tor X-rav
crystallography.

Applicants should submit a complete resume and
description of future rescarch plans, as well as three
letters of recommendation addressing both rescarch
and teaching powntial. All matenabs should be sent
to: Professor Charles H. Winter, Associate Chair,
141 Chemistry, Wayne State University, 5101
Cass Avenue, Detroit, M1 48202- 3489, In addi
tion b0 the matenals noted above, apphcants musi
complete an online application at website: https: 7/
jobswayne.edun. Please apply for all chemastry fac-
ulty positions lsed. Beview of applications will be-
gin in October 2007, Womer and minority condidares ane
oiionraped po apply. Wayee Stawe Unavrity & an Bgoal Oyps
portersity and A fimanive Amien Bngploper.

ACADEMIC SURGICAL PATHOLOGIST.
Tufts-New England Medical Center, Boston, Mas-
sachusetts. The Department of Pathology, Tufts-
New England Medical Center, mnvites applicants for
an academic surgical pathology position at the rank
of ASSISTANT /ASSOCIATE PROFESSOR. Ap
plicants must be boand certified in anatomic amd
climaal pathology and hematopathology with  addi-
tiomal subspecialty experience in renal pahology. The
position will involve active participation in diagnostic
surgical pathology induding ovtopathology as well as
commitment to cxsting basic rescarch programs in
animal models of immune-mediated kidney disease.
Responsibilivies also include waching of medical
students at Tufts University School of Medicine. A
strong record of academic achievement and publica-
tions is required. Please forward corriculum vitae, a
brief statement of rocent interests and the name of
three references w: Stephen I’ Naber, MLD., Ph.D.,
Pathologist-in-Chicf, Department of Pathology,
Tufts-MNew England Medical Center, NEMCH
#802, 750 Washington Street, Boston, MA 02111,

FACULTY POSITIONS

el JNIVERSITYof
TENNESSEEUI

HEALTH SCIENCE CENTER
CHAIR
Department of Anatomy and Neurobiology

The University of Tennesce Health Science
Center College of Mediane secks a2 diverse
pool of nominees and applicanes for the
posiion of the Simon B, Bruesch Professor
and Chair of the Department of Anatomy and
MNeumbiology (website: hittp:/ Swww.ntmen,
edu Sanatomy-neurobiol oy 7L Tniver-
siy of lennessee Health Science Center s
committed w excellence in education, re-
search, and service. The Deparument of Anat-
omy and Neurobiology s curremtly home o
25 full-time faculty members, 27 secondary
appointees, and 17 graduate students, most of
whom participate in the campuswide Neuro-
sewence Instinute (website: htop:/ Awww.ubtmen,
edu /neuroscience,//}, which includes over 80
neuroscience faculty. The Department Chair
will lead the recruitment of several tenure-
rack faculty to expand the Department in
modem research laboratones. Apphcants shoulbd
have a demonstrated commitment to and knowl-
edge of Equal Emplovment Opportunin amd
Affirmative Action,

The Deparmment Chair will have distin-
gushed accomplishments and natonal recog
niton N newroscience reearch, expencnee n
graduate and medical sdent education, and
expericnce mentoring junior faculty, Candi-
dates muse possess a PhoD. degree or equivalent,
or an M., degree in an appropriate scientific
discipline. The position requires proven leader
ship abilities establishing productive collabo
raticsns with other basic and clinkeal scence
department leaders. The successtul candidate will
b capable of prividing energetic leadership and
should be able w amiculate 2 vision for con-
vinmed growth and development of a major
Anatomy and Neorobiology Department that
eurpently ranks among the top progeams in the
country, Qualified applicams must submit a
letter of interest accompanied by curriculum
vitae and the names and addresses of three ref
erences to: William Pulsinelli, Ph.DD., M.D,
Semmes Murphey Professor and Chair, De-
partment of Neurology Chair, Anatony and
Meurobiology Chair Search Committee,
The University of Tennessee Health Scence
Center, P.O. Box 63647, Memphis, TN
38163, Feview of applicants will begin imme-
diately and will continue untl the position is
filled. The Univesity of Temesor & a Sqnal En-
Mopment Oppornmity ZAffimeaive Acoond Tide T
Tite IXiSeaion FH/ADAADEA Insrnuion fo
the pairisionr of it edircation) i enmRo JeRcin peIgTn s
aird serinees

PLANT ECOLOGIST. Noeth Centra College in-
vites applications from broadly trained Mane Ecolo
st for a woure-track appoinement. Ph.lY. required,
postdoctoral experience preferned. Teaching assigm-
ments nclude courses in ecology, botany, and envi-
mmmental science a5 well a8 our introductory biology
sequence. Applicants should exhibic 2 potental for
excellence in undergraduate teaching and  mentor-
ing, as well a5 a commitmem w scholarship that in-
cludes collaborative research with undergraduares
and an interest in contributing w an inerdisciplinary
general education program. Review begin on No-
vember 9, 2007, See website: hitp: /Swww.noctrl,
edubiology for more information. Applicants whao
would enrich the diversity of the campus community
are strongly encouraged wo apply. Egual Cpportiairy
Employer.
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Faculty Positions

MAKE WAY FOR THE NEXT GENERATION:
JUNIOR FACULTY ARE MOVING IN

Universities across the United States and Europe are increasingly reshaping recruitment
policies in order to attract and retain more junior faculty. Replacing the old sink or swim
attitude is a desire to provide a more supportive and nurturing environment. Driving the
new trend are several factors, including a concemn that many of today's senior faculty are
approaching retirement age and will need to be replaced, and a desire to have faculty
that more closely reflect the gender and ethnic diversity of the population they serve.
By Julie Clayton

rivate universities such as Harvard, Yale, and Princeton have historically hired

more at senior levels—tending to hire the most distinguished scholars they could

find, Junior faculty would be hired for three to six years and then had to move

elsewhere. That has changed a bit, and they tend to be hiring mare junior faculty
now,which includes efforts to recruit women and minorities into the sciences.” These are
the words of Bob Berdahl, president of the American Association of Universities (AAL),
describing what appears to be a widespread shift in the hiring paradigm for junior level
faculty in the United States.

The Aging Work Force

When Debra Auguste decided to leave Princeton last year for a position at Harvard Univer-
sity, it was because Harvard today is attempting to move away from its past reputation for
failing to support junior faculty. Taking up the post of assistant professor in the Harvard
School of Engineering and Applied Sciences, Auguste has been given every encourage-
ment to consider this as a place to establish her long-term research career, with a good
chance of obtaining tenure.

“They really are pushing to develop junior faculty and they're investing a lot in each
and every one of us,” she says. The investment included a generous startup package—a
custom-designed laboratory of around 1,600 square feet for the study of embryonic stem
cells and tissue engineering. “Everything was put into place to be as | designed it. If | don't
succeed, it rests on my own shoulders.”

Another new recruit is Hopi Hoekstra, who moved from the University of California,
San Diego to become an associate professor in the Harvard Department of Organismal
Biology—a tenure-track position that will be reviewed after three years. Hoekstra studies
ecological genetics with wild mouse populations, trying to understand how changes in
DMA can alter fitness and survival. She brought a total of five students and postdocs from
California, and has recruited an additional five since arriving last year,

Like Auguste, Hoekstra credits the “amazing resources” and “incredibly supportive en-
vironment” as the key attractions of Harvard, including a newly established junior faculty
mentoring program. “l really feel like senior faculty are amazing mentors. They've had to
go through the process and scientifically they're strong.”

“Historically, Harvard has the reputation that it doesn't treat faculty well—that it's hard
to get tenure, Harvard would more often appoint a senior person, a leader in their field,
and junior faculty did not measure up. says Andrew Biewener, chair of the Department of
Crganismal Biology where Hoekstra is based. “But the view we take now is that it's the
younger people in the faculty who are most likely to be doing cutting-edge research. We're
trying to hire the best, who will advance intheir careers and receive tenure, in our depart-
ment and in the life sciences generally.”

The Retirement Boom
Harvard’s sizable endowment enables it to put financial muscle behind continued »
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Faculty Positions

“We're continually growing.

We're so big and we recruit so
much that [the aging work force]
is not a significant issue for us.”

Alan Fogelman

these changes, but publicly funded universities also seem to be im-
proving the prospects for junior faculty. For some institutions, this
may prove critical for survival, especially given the expected retire-
ment of many senior faculty over the next decade.

At the University of North Carolina, Chapel Hill, for example, the
faculty retirement rate is predicted to double over the next 10 years,
with at least 500 faculty retiring. This is the cohort of faculty born
during the postwar baby boom era of the 1950s and 1960s, who
joined expanding university faculties during the 1970s. “It was an
unprecedented time of growth and hiring. And that means we have a
very large bolus of faculty members moving up the age scale,” says
UNC associate vice chancellor for research and economic develop-
ment, Bob Lowman.

Lowman has recently compiled a report for UNC's vice chancellor on
the future of UNC's Faculty, using statistics from the National Science
Foundation as well as those of UNC. He wams that UNC will need to
recruit “unprecedented numbers of new faculty members at the same
time as other American universities will be trying to do the same ™

The problem of retiring faculty is compounded by a high propor-
tion of temporary staff to tenured faculty, hired to do the “heavy
work™ on large interdisciplinary projects, ac-

in the demographics. We need to make sure they see advantagesin
retiring at a reasonable time. That's a challenge.” notes Biewener.

University of California, Berkeley, where Berdahl was chancellor,
tackles the problem by using special funds to promote early retire-
ment among senior faculty, permitting them to continue doing re-
search part time and some teaching. “The virtue for the institution
is that it frees up some of the salary. This is becoming more common
practice and encourages universities to hire junior faculty,” says Ber-
dahl. He adds that recruitment of junior faculty is often preferred
nowadays because it tends to be less expensive than recruiting sen-
ior faculty = who “tend to bargain for more startup costs.”

Other institutions are confident that they will remain successful
even if competition intensifies in future. The UCLA Department of
Medicine, for example, which has more than 600 faculty members
working across two hospitals, in Westwood and Santa Monica, Cali-
fornia, has seen its research funding grow fram an annual turnover of
%22 million in 1992 to more than $125 million this year. “We're con-
tinually growing. We're so big and we recruit so much that [the aging
faculty work force] is not a significant issue for us. There won't be
any vacancies,” says Alan Fogelman, director of the Specialty Train-
ing and Advanced Research (STAR) program, and executive chair of
the Department of Medicine.

The STAR program ensures a smooth entry of highly qualified phy-
sician-scientists into UCLA faculty, by offering tenure-track positions
to selected medical school graduates in which they can undergo rig-
orous scientific training at they same time as doing their clinical resi-
dencies. It enables graduates who would not otherwise have chosen
this path to realize their interest in science at a later point. “Along
the way they get bitten by the science bug and want to do research.”
says Fogelman,

Since 1994 there have been 72 graduates from the program,
awarded either Ph.D.s or Masters in clinical bioscience, with the

cording to Lowman. This means that despite a
30 percent rise in faculty numbers over the past
10 years, the number of tenure-track positions
at UNC has dropped by 4 percent. The result is
a “two-tiered system of faculty” in which fixed-
term faculty have no right to tenure, and can

American Association of Universities
www.aau.edu

Brown Lniversity
www.brown.edu

Department of Organismal Biology
www.oeb.harvard.edu

majority choosing to remain in research. Half
R have gained positions as either clinical in-
structors or assistant professors at UCLA, with
the possibility of becoming fully tenured asso-
ciate professors upon evaluation, while the re-
mainder have gone on to successful positions
all over the world, mostly in research.

continue for up to 20 years with their salaries
dependent on grants.

While this may be good for research, Lowman
cautions that when the predicted mass retire-
ment among faculty takes place, there may not

Harvard University
waw.harvard.edu

Museum of Comparative Zoology
Harvard University
www.mcz_harvard.edu

The European Perspective

These initiatives are not occurring only in the
United States. In the UK, for example, there
also is an increasing recognition that the ca-

be sufficient numbers of tenure-track faculty to
replace them, and those on fixed-term contracts

STAR Program, UCLA
www,star.med.ucla,edu

reer paths of junior researchers need to be
better established, with more support for gain-

may go for tenure elsewhere.

“There is concern among a lot of institutions
about the aging of the faculty,” notes Berdahl
of the AAL. He points to the recent removal of
mandatory retirement at the age of 65 in the
United States as an additional factor, encourag-
ing more workers to postpone retirement.A de-
lay in retirement can impede the appointment

University of Kentucky
College of Arts and Sciences

www.as.uky.edu
University of North Carolina
Chapel Hill
wiwwune.edu

University of Sheffield, UK
www.sheffield.ac.uk

ing tenure. The Academic Fellowships program
run by Research Councils UK (the umbrella or
ganization that disburses government funds of
£3 billion to university-based research) aims
to achieve this. The program, started in 2005,
provides five years of funding to promising
postdoctoral researchers and a guarantee of
tenure, This can also include a six-month sab-

of new junior faculty. At Harvard, “Senior sci-
ence faculty tend not to retire —they stay on for

Universities UK
www. UniversitiesUK. ac.uk

batical to spend in a laboratory elsewhere,
One recipient is Bram Snijders, originally

as long as possible, and this creates a problem  \_

4/ from The Netherlands, who continued #
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Masdar Institute of Science and Technology, Abu Dhabi, UAE
Professors
Associate Professors
Assistant Professors

The Masdar Institute of Science and Technology (Masdar Institute), with the assistance and advice of the Massachusetts Institute
of Technology (MIT), is being founded as a new and independent non-profit, tax-exempt rescarch and educational institution
(initially at the graduate level) dedicated to premier engineering research and education. The goal of the Institute is to develop,
over a period of years, indigenous R&D capacity in Abu Dhabi, addressing issues of importance to the region in critical areas
such as: renewable energy, sustainability, environment, water resources, and systems engineering and management, as well as
to provide qualified men and women in the region with the opportunity to obtain graduate degrees in these technical fields.

Job Responsibilities: Teach graduate courses, supervise master and doctoral students, develop a research program and seck
external funding for such research, and participate in the Institute’s service and outreach activities.

Qualifications: The Masdar Institute is seeking applicants for Professor, Associate Professor, and Assistant Professor in the
fields of Water Resources and the Environment, Engineering Systems and Management, and Information Technology. Applicants
should have a strong record of published research, experience in supervising graduate students, and relevant teaching experi-
ence. The applicant must be fluent in English. An eamed doctorate in the relevant field is required. Relevant non-academic
work experience would be an advantage.

Positions in Water Resources and the Environment: Faculty will provide research leadership and educational activities to
engineering and science students concerned about the future of water supply and use, as well as an understanding of environ-
mental systems. Specialists from Civil, Environmental, Mechanical and Chemical Engineering are encouraged to apply, as
well as faculty from other disciplines such as Chemistry, Materials Science, Biological Engineering, Electrical Engineering,
Biology, and Nanotechnology, whose advanced scientific work may have implications for water and the environment, even
if they have not directly worked in the water and environmental area. Candidates specializing in the area of desalination and
advanced water reuse in such areas as polymer membranes, ceramic membranes, biological filtration and new oxidation tech-
nigques will be considered, as well as experts in environmental systems methods such as life cycle analysis and in environmental
sciences focused on fate and transport of pollutants in the environment and the mitigation and remediation of the impacts of
new water and environment technologies.

Positions in Engineering Systems and Management: The Engineering Systems and Management program will provide
intellectual research leadership and educational activities to students interested in applying a systems approach to the engi-
neering and management of renewable and sustainable energy technologies. The Institute is looking for candidates in one of
the following areas: Operations Research (Stochastic Modeling, Optimization, Decision Science, Simulation}, Operations
Management (Manufacturing, Technology Innovation) and Industrial Economics (Industrial Organization, Technology Policy,
Economic Development).

Positions in Information Technology: Faculty candidates must be capable of teaching and conducting research in such IT
areas as: Software Engineering: Information Processing for Engineering Systems; Database, Internet, and Systems Integration
Technologies: Data Mining; Artificial Intelligence and Semantic Web: Communications and Connectivity among Information
Systems; Information Management; Intelligent Systems: and Pervasive Computing. In addition, faculty are expected to effec-
tively collaborate with other faculty areas such as Water Resources and the Environment, Materials Science and Engineering,
Mechanical Engineering and Engincering Systems and Management.

Application Submittal Information: The Massachusetts Institute of Technology is assisting the Masdar Institute in the search.
Initial screening of applications will begin immediately. Application deadline is October 30, 2007. Application materials
should include your name, address, telephone numbers, curriculum vitae and what specific position you are applying for, your
current position, a description of how your experience matches the position requirements, and e-mail contact information for
three references.

Materials should be submitted electronically as a MS Word attachment to;
Dr. Russel Jones, President
Masdar Institute of Science and Technology, Abu Dhabi, United Arab Emirates
Co-Chair, Search Committee for Masdar Institute of Science and Technology
e-mail: rjonesi@ masdar.ae

Copy to:
Dr. Fred Moavenzadeh, Co-Chair
Search Committee for Masdar Institute of Science and Technology
c¢/oTechnology and Development Program
Massachusetts Institute of Technology
e-mail: tdpmailé@mit.edu
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(‘Nﬂ The College of New Jersey

EYRSY THREE TENURE-TRACK BIOLOGY FACULTY POSITIONS

Physiology, Genetics, & Biology Education,/ Pedagooy

The Department of Biology at The College of New lersey (TCNJ) iveRes outstarding applicants for thees tenwre-track faculty
positions, starting August 2008. Teaching and reseaich are mutually supportive activities at TCNL Candidates should be strongly
committed to the teacher-scholar model in a primarily undergraduste, residential institution and 1o maintairing both hgh quality
fteaching and an active and productive resepich pregram invalving highly motivted undegraduates, Faculty members also sere
as academic advisars and have service responsibilities within the College. A reseanch laboratory and competitiee stan-up funds
will be provided. The Biology Depariment is howsed in @ modern biclogy budding (opered Fall 2000) that aNers state-of-the s
teaching and research facilities and imstumentation.

We seek broady tieired candidates who also have potential to collaboratively contribute io interdiscplinary cunricular and
scholarly efforis within the Schoal of Science and 1 the College. In addition to the ¢ ourses listed below, teaching responshilities
may include rotation through either majors and for non-majors introductory courses. Candidates should hawe a Ph.D. and post-
doctaral experience is prefened

# Physiology (Assistant Professor)
To develop and teach a junior,/senlordevel course in animal physiclogy, an upper level course in srea of spedalty, and one

of oar core cowrses. The candidate will not be expecied to teach cowrses in baman anatomy and physlology. Researchin
any area of physiology will be considered.

# Genetics (Assistant Professor)
To teach a core course in genetics and an upper-Jevel courss{s) in area of specialty. Research in any area of genetics
will be considered.

# Biology Education/Pedagogy (Assistant or Associate Professor)
To teach an interdisciplinary science course to elementary education majors, teach conient courses to blology majors
preparing for secomdary teacher certification, te ach an upperdevel course in area of specialty, conduct research in the
area of bicko gy education/pedagofy, and provide leadership in emerging undergraduate science education initiatives
and funding cpportunities.
Toapply, send a lewer of application, current curriou lum vitae, statement of teaching philosophy, starement
of research ingerests and goals, represencative publicaions, all graduate and undergraduate ranscripes,
and three letters of recommendation to:
Fiie |i!_1r Search fl'mfﬁ'ﬂ!e pnsr'tl'mlJ.. D:part ment of B 'lu'luq,l;p
The College of Mew Jersey, PO Box 7718, Ewing, Mew Jersey 08628-0718
All matedaks must be received as hard copies in postal mail. Review of applications will beg in October 8, 2007,
Fo further infor mation abaut our program, please visit: hitp://www.tenj.edu,/~ biol ogy/

AMNEDE

BOSTON

LINIVERSITY

P‘t‘ EDICAI
CAMPUS|

Bostwon University School of Medicine
welcomes applications for its departments
& programs below at ranks of Instructor,
Assistant &  Associate  Professor, or
Professor. Email a cover letter specifving
vour department of interest arca with your
CV w busmdean@bu.edu. Boston
University is an equal opportunity  and
affirmative action cmployer

Departments:
+ Anatomy and Neurobiology
¢ Biochemistry
* Genetics and Genomics
* Microbiology
¢ Physiology and Biophysics
* Pharmacology &
Experimental Therapeutics
+ Pathology
Interest areas:
+ Immunology
* Structural, cell or cancer
biology
* Neurosciences

The Jackson Loboratary, o mammalion genefics research institution, and an NC| designated Cancer
Cenler, has launched o major research expansion. Focully members, especially those with o focus
in concer, will be recruited in the following ares:

* Computational Biology/ Bioinformatics
* Immunology/Hematology * Reproductive/
* Metabolic Disease Research Developmental Biology

We ercoumge opplicafions for positions of the Assistant, Associate ond Full Professor level, especially
fom thos with an inlerest in inferdisciphnary and for frenslational approaches. Candidates should have
a PhD., M0, or DV, and have completed postdoctoral frining with o record of research
excelence, and they must hove the okbility o develop o competitive, independently Funded research
program that fokes ndmnfcge of the mouse as a genehic model for human dmhp‘nml and disease.

* Neurobiology

Faculty Recruiting

We offer o unigue scienfific research emvironment, including excellent colaboratve oppartunifies within
ousr fﬂcdfy of 37 prlnupd inveshigalars, unpun:l"ebd MOWSE QeNomic MB50Nroes, CLINI:II"CIII‘Q oore
scientific suppert services, highly suecesshul pastdactoral and predocioral Faining progmoms, and o
major scienfific meefing centes, feciuring courses and conferences centered on mouse modsls,

For more infermation, go fo: www.jodong

Applcants should send o curiculum vitoe and o concise siotement of research interests and

plans, and amrange ko have three leHers of reference sent hﬂf&ﬁbl#a
Review of applicotions will begir in Jonuary of 2008,

The backson Laboratory is an EOE/AA employer,

The Jackson Laberatory, 600 Main Street, Bar Harbor, Maine 04609
www.jax.org

Faculty Positions
Department of Neurobiology
Yale University School of Medicine
New Haven, Connecticut

The Depariment of Newrobiology at Yale
University School of Medicine has recently
expanded as part of its strategic plan and is
currently seeking to recruil two new tenure-
track faculty positions at the assistant. associ-
ate, and professor levels, We seck outstanding
scientists with strong records of accomplish-
ments in Neuroscience. We are particularly
interested in applicants actively investigating
forebrain function and'or development using
molecular, cellular, imaging, and'or electro-
physiological technigques.

Successful candidates are expected to develop
significant independent externally funded
research, have a strong commitment to gradu-
ate and medical education, and participate in
interdisciplinary deparimental training grant
and research programs/centers,

Interested applicants must have a Ph.D.
and/or M.D. degree as well as postdoctoral
experience with a proven record of produc-
tvity, Submit curmiculum vitae, statement of
research interests, and nomes of three refer-
ences by December 1, 2007 to;

Pasko Rakic, M.I., Ph.D.
Chairman, Department of Neurobiology
Yale University School of Medicine
F.O. Box 208001
New Haven, CT 06520-8001

Yafe is an Affirmative Action/
Equal Opportunity Emplover.




CREDT: EUZABETH LOVE

came to the University of Sheffield in 2002 to do his Ph.D. in chemi-
cal engineering before taking up a postdoctoral position in the same
department. He had to impress RCUK with far longer term research
plans than would be expected for a routine three-year postdoc, but
the reward was waorth it.

“It is a good career path. | notice that a lot of my colleagues are
worrying about what the next contract will be. It's easier for me to
plan ahead for the future, in both my professional and my personal
life. I'm trying to set up collaborations both within and outside the
University of Sheffield.”

Snijders will spend the first three years doing postdoctoral re-
search funded largely by the Biotechnology and Biological Sciences
Research Council (BBSRC), and then two years in transition, apply-
ing for grants as an independent investigator and training in other
skills including public outreach, before taking up his tenured post
in which he will spend 50 percent of his time teaching. In contrast,
he sees colleagues either leaving academia for industry or lowering
their ambitions altogether by applying for technician posts, for the
sake of a permanent job,

As in the United States, there are fears in the UK that “the current
level of retirement is not being matched by new recruitment and re-
tention within particular disciplines,” according to a report by RCUK.
The UK research base is aging, with the proportion of academic staff
aged over 50 increasing from 24 percent to 28 percent between the
years 1999 and 2005. Certain disciplines fare worse than others,
with more than 30 percent of mathematicians aged over 50. Added
to this are concerns that overall academic staff numbers are declin-
ing in some disciplines such as chemistry and engineering. Underly-
ing the recruitment problem is the increasing attraction—especially
for those in senior posts—of higher salaries in the private sector.

Mission: Retention

For universities on both sides of the Atlantic, recruitment of junior
faculty is but the first hurdle. Then comes the challenge of retention.
One initiative that is gaining in popularity for retaining junior faculty
is mentoring.

At Harvard, this is increasingly becoming a formal practice. “We're
looking at better ways to mentor—such as through having shared
discussions. Before now we viewed it as important but it was more
informal. Now, having a more formal program means that we can
evaluate how it should happen,” says Biewener.

For Auguste, this has been an important activity. “| saw faculty
who are pillars in their areas and | thought that they'd not want to
reach out to me. But I've had some really generous offers. Peaple
were very open and willing to connect. | had not seen this for friends
who are professors at other top universities,” says Auguste.

Smaller universities too are developing new initiatives in order
to boost their prospects for attracting and retaining mare faculty.
At Brown University, mentaring is one of several activities funded
through a major grant of $3.3 million from the MNational Science
Foundation under its nationwide ADVANCE program. The program is
open to both men and women, but it is viewed as especially benefi-
cial to the retention of women scientists and engineers, who have
traditionally felt less supported.

“Smaller colleges tend to do more about faculty development
We're a small university but we're research intensive,” says Pamela
0'Neil, associate provost for policy and planning at Brown, and prin-

www.sciencecare ers.org/businessfeatures
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“Smaller colleges tend to do

more faculty development”

Pam O'Neil

cipal investigator of the ADVANCE project.

Mentoring is also proving useful at UNC for helping new faculty to
adapt—especially those recruited from outside the traditional fields
of a particular department. At the School of Pharmacy, for example,
“Before, most faculty did residencies and graduate programmes in
pharmacy. Now we're recruiting molecular biologists and chemical
biologists, chemists or engineers,” says Bob Blouin, dean of the
schoal.

To help them overcome potential barriers of coming from outside
the profession, the School of Pharmacy has introduced a junior fac-
ulty mentoring program, now in its second year. “They find it a big
attraction because they don't feel like they're in that all alone,” says
Blouin,

Plenty of Perks

Junior faculty can also look forward to other kinds of support, such
as parental leave and a stopping of the *tenure clock” far those start-
ing a family. This means that the time taken out to care for children
is not included in the period over which junior faculty are evaluated
for tenure. Two years ago, Princeton University and the University of
Michigan became the first to offer this as an automatic right to any
new parents. The trend is now spreading, and the same policy was
adopted in June this year at the University of Kentucky. Already, the
university is reaping rewards by attracting more women.

“We advertised this policy a lot this year, and of the last 35 new
faculty recruits, 16 were women—one of the highest [proportions]
we've had for many years,” says Leonidas Bachas, associate dean
for academic research in the University of Kentucky College of Arts
and Sciences.

New faculty can also look forward to a new emphasis on devel-
oping their teaching as well as research skills. UNC sees this as an
important way of meeting its mission for teaching and training the
region's future scientific work force.

“Most of the public domain expects public universities to create
manpower for new industries as communities transform from old to
new economies,” says Blouin.

Junior faculty have the enthusiasm that he believes is a key quality
for teaching.

*Some of our best scientists are often our best teachers. We want
to give them a forum to share that with their students and show their
passion for their work,” says Blouin, Although the additional sup-
port and perks will help, it is essentially this passion that will turn to-
day's junior faculty into tomorrow's professors, department heads,
and deans,

Julie Clayton, a freelance science writer and journalist, works out of
Bristol, UK,
10.1128/science.oprms.r0700038
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The University of Texas Medical Branch

Faculty Position for Research
in Parkinson’s Disease

The Department of Neurology at the Uni-
versity of Texas Medical Branch (UTMB)
at Galveston, in partnership with the
George and Cynthia Mikchell Center for
Meurodegenerative Diseases, is secking a
physician-scientist for a tenure-track fac-

ulty position with the John Sealy Chair for

Parkinson s Divease Research. Candidates
with clinical and/or basic science research
mterests in Parkinson’s disease are specifi-
cally sought, The center, directed by Dr
Claudio Soto, provides a rich research
environment linking basic neurobiological
and translational aspects of neurodegen-
eralive diseases. The successful applicant
will be appointed at a rank and salary com-
mensurite with experience. The position
olfers an attractive stani-up package that
includes adequate research space, clinical
research coordination supporis, and access
to state-of-the-an core facilities.

Endowed Chair Position for
Clinical Research in
Alzheimer’s Disease

The Department of NMeurology at the
University of Texas Medical Branch
(UTMB) at Galveston, in parinership
with the Miwchell Center for Neurnde-
generative Diseases, is secking a physi-
clan-scientist for a tenure-track faculty
position responsible for clinical research
in Alzheimer’s disease. Candidates with
both clinical research expertise and basic
seience research interests in Alzheimer s
disease are specifically sought The Mitch-
ell Cenler, directed by Dr. Claudio Soto,
prowides a ich research environment link-
ing basic neurobiological and translational
aspects of Alzheimer’s disease and other
neurodegenerative diseases, The success-
ful applicant will be appointed at a rank
and salary commensurate with experience
and will be awarded the John Sealy Dis-
tinguished Chair for Clinical Research
in Alzheimer’s Disease. The position
offers an attractive star-up package that
includes adeguate research space, clinical
research coordination suppos, and access
Lo state-ol-the-an core facilities. To apply,
please send a C.V. and the names of four
references to:

Tetsuo Ashizawa, MDD
Professor and Chair
Department of Neurology
The University of Texas
Medical Branch
301 University Boulevard,
Galveston, TX 77555-0539
Email: teashizai@utmb.cdu

UTME is an Egual Opportunin/
Affirmarive Action University that provdly
valuwes diversite. Candidates of all back-
growndy are encowraged fo apply,

BCM

Baylor College of Medicine

Tenure Track Faculty Positionin
Cognitive or Computational
Neuroscience

The Department of Newroscience at Baylor College of Medicine is continuing a major
expansion of its program in cognitive neuroscicnce. This initiative includes hiring six new
faculty members, the provision of five interactive 3.0 Tesla fMRIs dedicated exclusively to
brain research and the development of the Computational Psyvehiatry Unit for the quantita-
tive study of human behavioral brain disorders. The facilities and collaborative environment
offer a unigue opportunity for the study of individual and group behaviors, access to large
and diverse populations of human subjects, outstanding computational expertise, one of the
nation’s leading programs in genetics and human genomics and a strong basic neuroscience
rescarch community. Candidates should have the Ph.D. and/or M.D. and postdoctoral training
in an approprate ficld. Rescarch mvolving fMRI analysis of decision-making, social interac-
tion or group dynamics utilizing computational and genomic approaches to study behavioral
disorders is encouraged. Send curricedlum vitae and statement of rescarch interests electroni-
cally as a single PDF o friedlani@ bem.edu and have hard copics of at least three letters of
reference sent to: Cognitive Position, Michael J. Friedlander, Ph.D., Professor and Chair,
Department of Neuroscience and Director of Neuroscience Initiatives, Baylor College
of Medicine, One Baylor Plaza, Suite S740A, Houston, TX, 77030 by October 25, 2007.
Please visit our depantmental website at httpz//neuro.bem.edu for more information,

Tenure Track Faculty Positionin
Integrative Neuroscience

The Department of Neuroscience at Baylor College of Medicine is recruiting a tenure track
Assistant Professor who utilizes advanced tools to investigate information processing in the
nervous system at the cellular, network and/or organismal organization level. The suceessful
candidate should have a Ph.D. and or M.D., postdoctoral experience and a record of accom-
plishment in the application of biophysical, imaging, computational and‘or neurophysiol ogical
approaches to integrative aspects of nervous system function and behavior. Candidates with
interests in the information processing propertics of synapses or dendrites, neuronal-glial
interactions, neuronal network dynamics or the newral basis of behavior are encouraged
w0 apply. The Department of Neuroscience (http://peuro.bem.edu/} is undergoing a major
expansion, building on strengths in jon channel and receptor function, cellular imaging,
synaptic plasticity, ncuronal and glial signaling, sensory processing, cognitive and computa-
tional neuroscience. The position will provide a highly competitive allowance for laboratory
start up support. Send carricwdiem vitee and statement of research imterests electronically as a
single PDF to friedlani bem.edu indicating Integrative Position on the email header. Have
hard copies of at least three letters of reference sent to: Integrative Position, Michael J.
Friedlander, Ph.D., Professor and Chair of Neuroscience and Director of Neuroscience
Initiatives, Baylor College of Medicine, One Bayvlor Plaza, Suite 5740A, Houston, TX,
77030 by October 25, 2007,

Tenure Track Neuroscience Faculty Position in Brain Aging
Supported by the Cynthia and George Mitchell Endowed Fund

Baylor College of Medicine is recruiting a tenure track Assistant or Associate Professor who
utilizes tools of contemporary neurobiology to investigate fundamental mechanisms of brain
aging including leaming, memory and associated discases such as Alzheimer’s. Candidates
who use animal models w study brain aging and'or dementias and who have a record of
accomplishment in the application of molecular biological, genctic, imaging, neurophysi-
ological and/or behavioral approaches to the study of the effects of aging on processes such
as learmning and‘or memory are encouraged to apply. Candidates should have a Ph.D. and/or
M.D. and postdoctoral experience, The candidate will have their primary faiculty appoint-
ment in the Department of Neuroscience and be a member of the Mitchell Center for Brain
Aging and Dementia and the Leaming and Memory Rescarch Center, with opportunities for
affiliations with other departments and programs. The position will provide a competitive
allowance for laboratory start up and ongoeing support. Send cwricufum vitae and statement
of rescarch interests clectronically as a single PDF to friedlan@ bemoedu indicating Brain
Aging Position on the email header. Have hard copies of at least three letters of reference sent
o: Brain Aging Position, Michael J. Friedlander, Ph.D., Professor and Chair of Neurosci-
ence and Director of Neuroscience Initiatives, Baylor College of Medicine, One Baylor
Plaza, Suite $740A, Houston, TX, 77030 by October 25, 2007. Please visit the Department
of Neuroscience website at: hitp://neuro.bem.edu.

Bavior College of Medicine is an Equal Opportuinin/Afirmative Action and
Equal Access Emplover.

iencecaree I5.0rg

online @sq

Science Careers

W
Z
o
=
n
o
o
>
an
=
v
=




iencecareers.org

online @s

Science Careers

n
=
O
==
n
Qo
o
P
5
=
)
=

FOSITIONS
FACULTY POSITION, ECOTOXICOLOGY
Bren School, University of California,
Santa Barbara

The Donald Bren School of Environmental Sci-
ence and Management (website: http:// www.bren.

FACULTY

FACULTY POSITIONS

uesbeedu ) imares applications for 2 tenure-track A5
SISTANT PROFESSOR position, to sart July 1,
2008, We seek a Scientist in ecotoxicology whose
work 15 cleardy relevant for environmental policy or
management. Applicants should possess 2 PhoD. or
have completed all requirements for the degree by
the appointment date.

The successful candidate will have interests in in-
vestigating the effecrs of chemical stressors on or-
Eanisms in the contexe of ccological svstens and in
applvime scienific research o isues of environmental
managzement. We seck a person with a strong back-
ground and experience in empirically studying inter-
action mechanisms between stressors and organisms
ming innovative methods in molecular biokogy, chem
istry, amd ecology.

“The abi ity oy teach both advanced courses for PhD.
students and courses on ecological effects of pollu-
tants and ecological risk assessment for professional
Master's-level students s desirable. The candsdare
will be expected tw carry out an outstanding research
progem and to mentor PhoD, and Master's smdents,

Preference will be given o camdidates whose ex-
isting or emerging research b complementary with
existing arcas of emphasis within the school, including
corporae crvimnmental management, ecological sus-
taimability, eoviconmental cconomics, governance for
sustaimable development, and sustainable manage ment
of water resources.

The Bren School is a graduate school providing
rigorous, multidisciplinary training in environmental
sewence and management to Master’s and PhoDD. stu
dents. The faculty is drawn from the natural scences,
enmneenng, social saences, and management.

Semd applications tor Ecotmioology Search Com-
mittee, Donald Bren School of Environmental Sa-
ence and Management, University of California,
Santa Barbara, CA 93106-5131; c-mail: ecotax @

bren.ucsh.edu; fax: 805-893-7612.
Electronic submission of the -.:};]tlimlinn as a sin-
gle package is highly desirable and must include cur-

riculum vitae, names of three references, a statement
of research interests and waching expenence, and
copies of up to five publications. Applicants should
arrange to have three letters of reference e-mailed to
the Search Committee. For fullest consideration, all
materials should be recaved by November 20, 2007,
although the position will remain open until filked.

The University of Califoruia & an Eqal Opparmimity£A e
miagiee Aerion Emplavper, We cnarsge all @ealified applicans
{1 ..ijn';.'. Jr.h'fu:hrjl‘! ml'mln:.li'q'.'!, (TR ITH TN aiind ;x'rs.m.-: el dfiia
abilioes. The Scloel i epecrally mrevestod an amdidares wilie
il coviteiliine 06 the Jm'rml'.'r .mnl r.'l.'ai'Ii’:'lr.r'r |_I|" e awadvine
commrnrary el researdy, weaching, and senvie

The Department of Ecology, Evolution, and Or-
ganismal Biology (EEOR) at lowa State University
secks o fill wo wenure-track positions at the AS-
SISTANT PROFESSOR level, one in evolution-
arv/Secological plant biology and one in nacrobial
ceology. The successful candidates will join a dy
namic Department of 30 faculty who use mregrative
approaches that bridge disciphnes and span mulaple
levels of biological organization. Applicants must
have a Ph.. in a biclogcal science, and are expected
to develop a natonally recopnized rescarch program
and skallfully comtrbute o undengraduate and grad-
uate teaching, Following the insrudions on website:
heep:/ Swww iastatejobs.com, submit cover letter,
curriculum wvitag, and rescarch and teaching stare-
ments as a single PIF file not w exceed IME, plus
u}: o three reprints as pdf files, cach not o exceed
IME, by 19 Ociober 2007 (see website: b
www.ccob.iastate.cdu/search.html for additional
information ),

In addition, arrange to have three letwers of ree
ommendation sent by ¢-mail as PDE files to e-mail:
searches®iastate.edu. I5U7 sulnes divesity and & an
Affirmative Action/ Bygoal Employmens Oppartunity Employer
with Ny
1.:'.rr.lrm_j'.'l.'r.r.'::|' in stene dind epinaTing.
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FACULTY POSITION in TOXICOLOGY

The C. Eogene Bennett Department of
Chemistry at West Virginia University, in
support of expanding multdisaplinary effores
in biomedscal, life, and forensic sciences, in-
wvites applications for an open-rank wenuee-track
position, The Department secks applicants
with research interests in the arca of wxicol-
oy, Applicants must have a Ph.D. degree and
postdoctoral experience is preferred for junior
candidates. Excellence in veaching at the un-
dergraduare (including forensic toxicology) and
graduate levels is expected. The suceesshul ap-
plicant will imitiate and develop a vigorous
research program using a competitive startup
package and through acquisition of funds from
federal sources such as the NSE, NIH, Depart
ment of Energy, and USDA. Ample collabora-
tive opponunities exist locally in Hlealth Sciences
and Mational Instite for Cocupational Safety
and Health. Applicants should submiv curricu-
I vitae, a description of rescarch plans, a de-
tailed startup budget, a brief descripiion of
teaching interests, and arrange for three leters
of recommendation to be sent 1o Toxicology
Faculty Secarch Committee, Bennett De-
partment of Chemistry, P.O. Box 6045,
West Virginia University, Morgantown, WV
26506- A, Applications can also be sent to
c-mail: chemistry@mail.wvu.edu. Review of
L'mnpluti.d apphcations will continue until the
pusidon is filled, with prnorty given o
applications recev ed by Movember 15, 2007,
WL s an Epeal T)J-J;wrm.lrr].l-" Affirnmative Action
Emplayer. Wonwen and proteded dhase individoale are
eaenirdged o dapply.

ASSISTANT FASSOCIATE PROFESSOR
University of Arkansas, Little Bock
Plant Molecular Biology
The Applicd Science Department at the University
of Arkansas at Livde Bock is an imterdisaplinary grad
uate department i engincenng and seiences (website:
http: jjttchmlnguc ualr.edu Sappliedscience /).

ADNVANCE firding to enliane the sinvess of
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The Department s soliciting ap}iﬂ.m{ns foor a tenure
track Assistant Professor (job #3835) in the area of
plant molecular biology, Appointment at the Asso-
date Professor level is possible for candidawes who
have an externally supported rescarch program and a
substantial publication record. Candidares working
in all arcas of plant molecular biology will be con-
sidered, Applications are especially encouraged from
candidates who generate and inegrate complex data
from biochemical, proteomic, and genomic studics.
The succesful candidate must esiablish a vigorous
independent rescarch program supported by external
funding. We are particularly interested in candidates
who wall participate in collaborative interdiscaplinary
research, such as energy and environmental biosc
ences, bioengneenng, or biomaterials. Candidares
must have a Pho o bology, biochemistry, maolec-
ular biology, or a closely related discipline.

To apply, applicants should send an application
letter (job #385 ), curriculum vitae, a saement of re-
search interests and teaching philosophy, and names
and contact information of three references to: Fac-
ulty Search Committee-Plant Moleoular Biology,
Department of Applied Science, University of Ar-
kansas av Lirele Rock, AR 72204 - 1099, (Telephone
5001 -569-800MM; c-mail: dgwhite@ualr.edu.) Review
of applications will begin November 2, 2007, and

contmue until the position is filled. The University of

At ar Litele Rock is an Egual Oppormuity, Affimmatioe
Artion Employer and actively sedes she cmadidacy of sdmarities,
wonrer amd pesons itk disabilives. Uoder Arkansas o,
applisations are suljed to discdosre. Peesons hired st e
proof of begal audority to work G dre Uheited Seaes.

FACULTY POSITIONS
ORGANIC CHEMISTRY
FACULTY POSITIONS
University of Montana

The Department of Chemistry at the University
of Montana (UM} invites applications for the posi-
tion as Director, the Shafizadeh Rocky Mountain
Center for Wood and Carbohvdrate Chemstry at
the ASSOCIATE or FULL PROFESSOR. level.
The Shafizadeh Center has a tradiion of research
oriented toward indostrial and environmentally
friendly wes of carbohyvdrates. Apphcants must have
a strong backpround in organic carbohvdrate chem-
wiry or a related field and be able to reach under-
praduate and graduare organic chemisry courses, The
successful candidate s expected w have a dymamic
externally funded rescarch progrm and to have dem-
onstrated  excellence in teaching. The Shafizadeh
Center laboratorics are outfined with modern in-
strumentation that includes gas chromatography,/
mass spectometry, high performance liquid chroma
tography, won chromatography, gel permeation chro
mategraphy, differental scanning calonimetry, and
computer conrolled reaction equipment. Applicants
should send curniculum vitae incduding a list of pub-
lications to: Bruce E. Bowler, Chair, Shafizadeh
Search, Department of Chemistry, University of
Montana, Missoula, MT 59812, E-mail: bruce.
bowler@umontana.edu. Review of applications will
commence on November 1, 2007,

Tenure-track position in organic chemistry, De-
parmment of Chemistey, the University of Montana.
The Deparmment of Chemistry invites applications at
the level of ASSISTANT PROFESSOR in the arca
of organic chemistry. The development of externally
funded research programs, making contributions to
lower-division organic chemistry teaching and the
dievelopment of upper division and graduate courses
in organic chemistry are required. A PhoI in chem-
stry or a related field, postdoctoral experience in
organic chemistry and a strong potential for eaching
excellence is necessary. Applicanions, including com-
plete curriculum vitae, a full description of research
lans, and a statement of teaching phll:mrphy should
l‘-: sent tix Migel D, Priestley, Chair, Organic Chem-
istry Search Committee, Department of Chemistry,
University of Montana, Missoula, MT 59812-
L656. E-mail: nigel.priestley@umontana.cdu.
Applicants should arramze for three letters of ree-
ommendation to be sent to the same address,
Information about our Department may be ac
cessed from our website: htepe /Awww.amt.edu /
m:mhg. The review of applicatons will start on
November 1, 2007, and continue until the position
i filled. UM & an Affisarie Action/Egnal Oppodtumity
Esnployer/ A and i a rvipienr of ane NSF ADVANCE
PACE diparid _J‘.-I-'uini o vl o anieee. DA |-ru'.hr1r.tIU|'.~
apylicatipns fann weirovries, Viemam erd evterans, and e,

ASSISTANT /ASSOCIATE PROFESSOR of
PHARMACOLOGY
University of Southern Nevada
College of Pharmacy

The University of Southern Nevada, Henderson,
Nevada campus, is currently secking applicants for a
full -time ( 12-month) fculty position in the arca of
pharmacology. Responsibiliies nclade weaching, men
toring students, providing University and communi
B services, and partiapanng in scholarly endeavors.

Minimum reguirements include a Ph.D. in phar-
macology. Postdoctoral expenience is preferred; how-
ever, recent Mh.D. graduates are welcome o apply.
Successful candidates should have excellent commu-
nication skills and a desire to teach in a creative and
nontraditional sewving, Evidence of rescarch and other
forms of intellectual initiatives are required. Salary
and rank will be commensurate with qualifications
and cxperience.

ﬁupptiunt.- should submie a leter of iment, cue-
ricilum vitae, educatonal philosophy stacement, and
three references to: Erik C. Jorvig, Ph.D., Faculty
Recruitment Committee, University of Southern
Nevada College of Pharmacy, 11 Sunset Way,
Henderson, NV 89014, E-mail: gjorvig@usn,

edu. An Affimranive Acion /Equal Oppoctanity Baplaper.
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UNIVERSITY OF MICHIGAN

SCHOLARS PROGRAMS

BIOLOGICAL SCIENCES SCHOLARS PROGRAM
For Junior, Tenure-Track Faculty

The University of Michigan announces recruitment for the Biological Sciences Scholars Program (BS5P) to
continue to enhance its investigational strengths in the life sciences research programs.

Now entering its 11th year, this Program has led to the recruitment of outstanding young scientists in
the areas of genetics, microbiclogy, immunoclogy, virology, structural biology, pharmacology, biocheistry,
molecular pharmacology, stem cell biclogy, physiology, cell and developmental biclogy, and the
neuosciences. The Program seeks individuals with PhD, MD, or MD/PhD degrees, at least two years of
postdoccoral research experience, and evidence of superlative scientific accomplishment and scholarly
promise. Successful candidates will be expected to establish a vigorous, externally-funded research
program, and to become leaders in departmental and program activities, including teaching at the medical,
graduate, and/or under%raduate levels. Primary college and department affiliation will be determined
by the applicant’s qualifications and by relevance of the applicant’s research program to departmental
initiatives and focus. All faculty recruited via the BSSP will be appointed at the Assistant Professor level.

APPLICATION INSTRUCTIONS: Please apply to the Scholars Programs through the BS5P web site at:

(http://www.med.umich.edu/medschool/orgs/bssp). A curriculum vitae (including bibliography), a three-
page research plan,an NIH biosketch, and three original letters of supportshould all be submitted through the
BSSPwebsite. MoreinformationabouttheScholars Programs,instructionsforapplicantsand thosesubmitting
letters of recommendation, and how to contact us is located on the BSSP web site: (http://www.med.umich.

edu/medschool/orgs/bssp). The final deadline for applicationsis Friday, October 19,

, 5:00 pm EDT.

The University of Michigan is an Affirmative Action/Equal Opportunity Employer.

Faculty Positions
in Microbiology

Gl niversley al

Central The Buenett School of
Floricda Biomedical Sciences
seeks outstanding
microbiologists utilizing genetic, cellular,
molecular or biochemical approsches. Suc-
cesslul applicants wall be expected to cstablish
a well funded rescarch program, and comnbule
to teaching at the undergraduate and graduare
levels, Faculty at any rank will be considered.
Exceptional candidates can be considered for
Provost's Research Excellence Professorships,
Compettve salanes, startup funds, laboralories
and access o shared core mstrumentation will
be provided. BSL3 laboratories and amimal
facilitics will be available. The University of
Central Flonda has over 48,000 students and an
outstanding technology-hased nfrastructure, 1Eis
located in Odando, a dyramic and progressive
metropolitan region, a magor player in high-1ech
indusiry, adjecent w a top ranked rescarch park
and a great place 1o hve and work.

Review of candidates will begin on Novem-
ber 15, 2007, Please send a curriculum vitac,
4 two page summary of rescarch plans and
the names and contact mformation of three
or more refecees to: Chair, Micro Search
(biomedia mall.ucl.edu) 4000 Central Flor-
ida Blvd., HPALL 335, University of Ceniral
Florida, Orlando, FL 32816-2360.

The University of Ceniral Florida is an Equal
Oppariunitv, Equel Avcess, and Affimearive
Action Emploven As a member of the Florida
Siate University Svsiem, all applicaiion
materials and selection procedhores are
avarilahle for pubiic review,

A (N T T e University of Maryland,
R e Iﬂ College Park
e b e e 1 Chair, Department of Cell Biology
=S and Molecular Genetics

We seek a distinguished senior scientist with a vigorous research program and the broad vision,
experience, and energy 1o lead a period of major growth and expansion of the Department of Cell
Biology and Molecular Genetics (CBMG). The expansion will include the recruitment of new senior
and junior faculty and the establishment of new facilities as part of an ambitious campus drive for
enhancement in the life sciences. CBMG is a vibrant, interactive and cohesive department, with
research strengths in microbiclogy, immunology. plant biology, molecular genctics, genomics, cell
and developmental biology and virology, The CBMG faculty includes prominent scientists in their
respective fields with outstanding records in research, teaching and service, The research programs of
the future chair and new faculty appointees will be located in spacious new laboratory facilities in the
recently opened Biosaence Research Building, The successful applicant will also share a leadership
role in the development of one or more of the ongoing CBMG and College of Chemical and Life
Sciences initiatives in comparative and functional genomics, signal transduction, gene expression,
plant biology, and host-pathogen mteractions. For more information about the department, the col-
lege, and the university, visit our web site at www.ehmg.omd.edu.

Applicants should apply electronically by emailing an application letter with the following attach-
ments in PDF format: (1) curmiculum vitae, (2) statement of research interests, (3 ) statement of aca-
demic vision and administrative experience, and (4) names and addresses ol at least four references
to CLFS-CBMG_Chairf@umd.edu. Review of credentials is ongoing and will continue until the
position 15 filled.

The University of Marvland, College Park is the flagship campus of the University System of
Maryland and one of the most rapidly advancing public research universitics in the country.
Close proximity to Washington, Baltimore, and the Marvland Biotechnology Corridor facilitates
interactions with an extraordinary range of major research institutions, including the N1H,
FDA, Smithsonian Institution, and USDA.

The Universitv af Mardand is an Equal Opportunite A ffirmative Action Emplaver
Minorities and women are encouwraged fo appdy.

@ UNIVERSITY OF
s MARYLAND
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FACULTY POSITIONS
ECOLOGY
Loyola Marymount University

The Depantment of Biology seeks a broadly
tramed BOOLOGIST for a tenure-track position
at the rank of ASSISTANT PROFESSOR. The
successful candidace will possess a Ph in biology,
botany, zoology or equivalent, plus strong interest
and capability in field-onented rescarch and teach
g, Teaching responsibilities incdode lower-division
courses, upper-division courses in ecology and in the
candidate's arca of specabeanon, and a senor-level
seminar,

The successtul candidare must develop an active
research program which involves undergraduates,
University and Depantment serice and scholarly
publication are required.

Lovola Marvmount University, established in
1911, is the only Jesuit University in southern
California. Owver 6,000 students are enrolled in the
Colleges of Liberal Arts, Business Administration,
Scence and Engineenng, Communication and Fine
Arts, the Schools of Education and Film and
Television, and the Law School. The campus s
situated on a bluff overlooking the Pacific Ocean and
Los Angeles” west side, and 1s from minutes to half 2
dav's ravel to beach, dune, mountain, chaparral,
desert, wetlands, marine, and California Channel
Islands commuritics. The Department abo main-
tains a biologcal stavion in Baja California, Mexico,

The Biology Department bas 12 faculty dedicared
o undergraduate teaching and rescarch and wel-
comes candidates who desire w work in such an
environment. Faculty are also engaged in inter-
disciplinary efforts in several areas, including bio
mathematics and environmental studies of the
nearby Ballona Wetlands; the Ecologmst’s participa
tion would be welcomed. The Department is houwsed
in a renovated scence building which includes fa
cilities equipped for supporting fiekd and laboratory
research.

Interested individuals should send leter of appli-
cariion, curriculum vitae, research and waching state-
ments, praduate trnscripts, selected publications, and
three lewers of eeference by November 1, 2007, w:
Ecology Search Committee, Department of Biology,
Loyvola Marymount University, 1| LMU Drive,
M.S. 8220, Los Angeles, CA 90045-2659. For ad-
ditional information, contact Dre, Martin G. Ramires,
telephone: 310- 338-5120. (Visit website: hep: 5/
www. Imu.edu for more information.)

Loyola Marpmount, o compeehessive aniversity in e
mainsireamn o Ameacaw Carlolic higher education, seels
prfessionally onsmamding applicins wloe valie {0 wnission
aand sl its avamritenant ro aosdenic excellene, the educarion
-!fh’h' whole peow, and tlre bailding of @ pest secery. LM is
ki npr.rf afiphi il it ¥ Frsri i ond JI:'I'M'I'I]' IJ'\II{.‘TIJILLF I et iy
interaltnnl leaneg covemty, Women and sinantacs ane
-'m'-uulr.{lnﬂ Ha .J_Flr.lll"'

EACULTY POSITION at the
UNIVERSITY of PUERTO RICO

The Department of Biology of the Universive of

Puerto Rioo at Bio Piedrs (website: ht_lE;,ffbidEE}l’.
uEEErduj mwites applicanons for a fenuretrac

position i systematicsbiodiversity macroccology.
The candidate is expected to curate and 1mprove
the roological collection and to implement musewm
database programs (research meerest in invertebraces
and strong collections management and curatonial
background are desirable), Applcants must hold 2
Ph.ly. or equivalent and have postdoctoral experi-
ence, The candidate is expected w0 develop an active
rescarch program and to wach at the graduate and
undergraduate levels, Interested persoms should send
resume, a statement of current and future rescarch
and teaching goals, repeesentative publications and
three kewers of reference to: D, James Ackerman,
P.O. Box 23360, UPR Scaton, San Juan, PR 00931-
3360 or e=mail: sckerman.upr@gmail.com. Appl
cations will be reviewed from Ocwber T, 3007, unel
the position is filled. Universing of Puerme Ria & an Egqual
Opportuniiey Emploper.

1578

Tm;
TENNESSEE LI

HEALTH SCIENCE CENTER

TENURE-TRACK FACULTY POSITIONS
The Department of Molecular Sciences
College of Medicine, University of Tennessee
Health Science Center, Memphis

The University of Tennessee Health Science
Center Depanment of Molecular Sciences secks
twao full-time tenure-track faculty at the JUNIOR
or SENLIOR level with basic or translational research
expenence investigating aspects of molkecular patho-
genesis of infections, vaccine development, emerging
infections and select agents, genetics of host-pathogen
interactions, and antimicrobial resistance, We seek w
expand our strong interdisciplinary group of basic
and clinical scientists as we integrate additional re-
scarch programs into our campiswide clinical and
translational rescarch programs and new Regional
Biocontainment Laboratory. Core campus resources
include extensive mouse genomics and informatics,
Molecular Besournce Center, good manufactuning prac
tice faclities, and B5L-3 suives for high throughput
sereening, small animal imaging and microscopy. Ad-
junct appointment in the appropriate clinical depart-
ments and collaboration with the VA, Hospiral and
St Jude Children’s Research Hospiral are encour-
aged. Applicants must have a Ph.D., M.D., or
DV.M. with an established reputation in one of
the above areas of research.

Successful candidates will be responsible for
developing and maintaining an extramurally funded,
independent research program and contribute 1w
graduate and professional student teaching. Inger-
ested applicants should send a letter of interest, bricf
description of research accomplishments, short sum
mary of future research plans, and curriculum vitae,
and amrangze to have three letters of reference sent two:
Dr. Lorraine Albritton, Chair of the Search Com-
mittee, Department of Molecular Sciences, The
University of Tennessee Health Science Center,
858 Madison Avenue, Memphis, TN 38163, or
e-mail: lalbrit@urmenedu. Feview of applications
will begin mmediately and continue until all posi-
tions are filled. For addivicnal information, see website:
heep: /S Swwwantmem.edu,/ molecular_sciences, The
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Uriiverstty of Tomeiae is an Egial Opperintty/ Affinnaiive
Action/ Titke VE Title VX7 Section S047ADAADEA
Engploper. Women and minontics are cocouraged o apply.

FACULTY POSITION in PHYSIOLOGY and
NEUROBIOLOGY

The Department of Physiclogy and Neurobiology
at the University of Connecticut, Stocrs, invites ap-
plications for a tenure-track Bwculty position available
i fall 2008, ar the ASSISTANT or ASSOCIATE
PROFESSOR level, The successful candidate will
be expected to maintain an independem and vig-
orous research program and participate in the De
partment’s graduate and undergraduare waching.
We encourage applications from imdwiduals studving
fundamental physiological or neural processes ar the
molecular, cellular, or systems level. Specal consid-
eration will be given m those emphasizing mem-
brane baology. Applicants must possess a Ph.). and
have complered ar least two vears of postdocroral
traiming, Candidates for Associate Professor are
expected to have a currently funded and active re-
search program. Review of candidates will begin on
Ocrober 1, 2007, and the search will continue until

the position is filled. Send curriculum vicae, a bricf
summary of current research with a statement of

research dircetions, a statement of teaching interests,
and the names of ar least three references o Chair,
PNB Search Committee, University of Connecti-
cut, Department of Physiology and Neurobi ology,
Box U-3156, 75 North Eagleville Road, Stoers, CT
06269-3156. Website: hoop:/ Swww.pnb.uconn.

edu.

FACULTY POSITIONS

FISH PHYSIOLOGY /AQUACULTURE

The Southern [linois University Carbondale
Department of Zoology invites applications for a
12-month, tenure-track ASSISTANT PPROFES-
SOR position in fish phwsiology faquaculture with
75 percent rescarch o the Fsheries and  Minois
Aguaculture Center and 23 percent teaching in 2o
ology. The Department secks a physologically
onented AQUACULTURIST with cxperience
with finfish of regional importance, experience,/
capability in environmental physiology of fish, and
who has potential /motivation to establish a record
of research and relaved scholarly activities to acceler-
ate a prominent personal rescarch program within a
nationally recognized fisheries center. The successiul
candidate will complement existing strengths in
aquaculiure, fish and aquatic ecalogy, fish genctics,
fisheries management, aguatic woxicology, and ich-
thvalogy. Apphcants should have demonsirated skills
in cxperimental design and stamistical analyses.
Modern research facilities and startup funds are
available.

The successful candidate will be expected o
develop an externally funded research propgram,
supervise M5 and Ph.I}, students, and teach
ervironmental phwsiologe of fish and comparative
endocrinology or another undergraduate and Jor
praduate course in his,her specialoy.

Candidates must have a Ph.D). in an appropriae
ficld with a record of peer-reviewed publications and
scholarly accomplishments commensurare with ex-
perience, and demonstrated grant success or strong
evidence of funding potenual. Preference will be
gven to applicants with postdoctoral teaching and
rescarch experience and membership in the Ameri
can Fisheries Society and for the World Aquacalture
Sorciety.

Applicants should send curriculum vieae, stave
ment of teaching and research interests and plans,
copies of transcripts from all insttubons atended,
representative reprings, and have four letters of
reference sent to: Dr. Christopher C. Kohler,
Fisheries and linois Aquaculture Center, Mail
code 6511, 1125 Lincoln Drive, Southern Illi-
nois University Carbondale, Carbondale, IL
62901, Review of applications will begin on 15
Oerober 2007 and continue until the position 1s
filled. Information about the Department, Universi-
ty, and Center can be found at websites: ht
www.sclencesiv.edu zoology, hetp: 7/ fisheries.
sinsedu, E-mail inguines (not appheations) should
be directed to the Search Committee Chair
{e-mail: ckohler@siv.edu).

SIUC & an Affimnanee sleton Sgeal Oppotnniy Biplayor
iar strfares o orlumee i abiliey &0 deavlop a JJr'l.'rM'_imn’IJ' anad
el il o reiredie ita porsiiial fo seave a divaie sdent jpope
alariare, AW applicanss ane wvioomed and enconraged aed aedll

M Ciup diTeridon,

FACULTY POSITIONS in BIOLOGY
The Scripps Research Institute (TSEI)
La Jolla, California

As part of a new rescarch initiative at the Scripps
Research Institute, we are secking LJuL\t:Iridillg ap-
Micants for multiple tenure-track,tenured  Faculty
positions at the ASSISTANT OR ASSOCIATE
PROFESSOR levels. Applicants in all areas of bi-
ology will be considered.

Applicants should conduct innovative basic re
search that has the potental to contnbute to rans
lational medical research, and have demonstrated
potential to be a lkeader in thear field.

Applicants should send their curriculum vitae, a
brief statement of research interesis, and three leers
of reference by Movember 1, 2007, w

The Scrpps Rescarch Insititute Faculty Search
Committes
¢/o Marisol Chacon
The Scripps Rescarch Institute
10550 M. Tomey Pines Road, ICND222
La Joila, CA 92037

WWW.SCIENCeCareers.ong




THE COMMONWEALTH MEDICAL COLLEGE"®

Founding Faculty: Master Teachers and Researchers
Assistant Professors — Associate Professors — Full Professors

TheCommonwealth Medical College, anew independent medical school in Pennsylvaniaissearching for a founding basic science faculty
who want topractice state of the art teaching and engage inresearch in a collaborative setting. This is a chance for faculty to help shape the
future of a new, innovative model of medical education. The Commonwealth Medical College will train in 2 community based, distributive
medelworkingwith clinical facultythroughout northcentral and northeastern Pennsylvania, linked by stateofthe arttech nology, We areinthe
accreditation process with LOME and the Pennsylvania Department of Education and hope to acceptour first classin 2009, Weare funded
by state dollars and a generpus grant from Blue Cross of Mortheastern Pennsylvania. The school enjoys tremendous regional support for its
mission of education, research and service and has developed relationships with cutstanding local colleges, universities, hospitals and
physicians to create a new model of medical education.

online @sciencecareers.org

We are looking for exceptional faculty in pathology and all basic science areas - biochemistry, physiology, microbiclogy, and
anatemy, who are passionate aboul teaching and research, interested in mentoring students, and want to participate in an interdisciplinary,
collaborative model. We are also seeking faculty who want to build something new, who are comfortable with technology and new
teaching methods.

We are interested inscientists who want togrow and developtheir research in anew academic madel. Qurinitial interests are in genomics,
pharmacogenomics, pharmokinetics (PK)and pharmacodynamics{PD)thatare relevanttocancerand epidemiologicallyimportant infections
and diseases. We are also interested in developinga clinical research center model that would involve community physicians and hospitals
and conducting population based studiesrelated tothe health needsof the area. Cancer, diabetes, and heart disease arethe leading issues of
concern, but other areas of expertise are also welcomed,

Science Careers

This is a wonderful epportuniity to create something innovative and imporfant and have a significant impact on the future of 2 new
medical school. Unlimited apportunities for growth, both professionally and personally, exist within this collaborative environment,
We will be developing curriculfum, as well as new facilities, with faculty input,

Please submit your curriculum vitae to: Robert M. D'Alessandri, MD, Dean, The Commonwealth Medical College, 150 North
Washington Avenue, Scranton, PA 18503 or electronically to RMD@nepamedc.org.

thecommonwealthmedical.com | The link to the Dean's blog is newmedicalschool.blogspot.com

*This schaod (5 proposed and fa developmen! phase. Mol ye! granted degree granting authorify from P Pesadpfvania Depactment of Eawcalion,

COLUMBIA UNIVERSITY MEDICAL CENTER
Faculty Position
Department of Genetics and Development
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Texas AkM
u!!l HEALTH SCIENCE CENTER
COLLEGE OF MEDICING
Tenure-track faculty positions in

e Donstia: o Qelieds g Aswpann 4l Systems Biology and Translational Medicine

Colwmbia University Medical Center is expanding is
facuity and secks outstanding appicants with the abili-
ty to develop an independent research program
for 2 tenwre-track position at the Assistant Prolfessor
level. In special circumstances, applicants at the

State of Texas funded tenure-track positions at the Assistant and Associate Professor levels are aval-

able in 5 areas:

* Systems biology, analvss of gene and signaling network s, bioinfommatics and com putational biologzy,
LENOMICS, rolesmics.

* Regenerative medicing, developmental biology, stem cell biology, tssue engingering, organogenesis,

Associate Professor level may also be considered. * Imaging at molecular, cellular and organismal levels,
Applicant's ressarch program should rely on ganetic + Gene therapy, targeted delivery of oligonucleotides, proteins or pharmaceutical agents to specific
and molecular approaches to study, in vertebrates or cells, nanotechnology.

invertebrates, any questions relevant o human devel- * Molecular basis of in_n channel function, patch clamping, optical recording of ion channel activity,
opment, physiology, and the bases of degenerative dis- mutant channel proteins,

eases. Dur department spans a broad range of interests
including developmental biology, physiology, DNA

Mew faculty will instruct medical and/or graduate students and will be active in predoctoral and post-
doctoral training, Competitive salary and generous start-up packages are available,

recombination, cancer genetics, and human genetics.
Applicants should include a curriculum vita and a swm-
mary of cument and proposed research programs and
armrange for three letters of reference to be sent
Completed applications and letters of reference should
be sent electronically to:

Genetics Search Commiites
Afinc Celia Morales
cr20 0@ columbizaodu

Consideration for completed applications will begin
October 12, 2007.

Columbia Urniversily s an equal opporfunity’
affemabive action employer. Women and minorities
are encouraged lo apply.

The Department of Svstems Biology and Translational Medicine in the College of Medicine consists
of 15 faculty members and embraces the convergence of human biclogy and the quantitative sci-
ences, mcluding engimesnng, mathematics, physics and computer soience. A primary focus of the
department is on the cardiovascular systeny, from the molecular to organismal levels of organization.
However, individuals with expertise in other onzan svstems or cell types are strongly encouraged to
apply. Departmental core faciliies include: microarray, imaging (confocal and atomic force), and
biinfomatics/computational biclogy. Campus cores include: proteomics, cell sorting and analysis,
laser capture microdissection and whole animal imaging. Interactions with clinical researchers are
possible through Scott & White Clinic and Central Texas Veterans Health Center, the major teaching
hospitals of the Texas A&M Health Science Center. The department participates in the mu ltidisciplinary
Medical Sciences graduate progmm and is active in postdoctoral training, The College of Medicine
is entering a mpid growth phase due to expansion of the medical elass, and the department expects o
recruit a substantial number of new faculty members in the next 3 vears.

Send OV, statement of research, trmining and teaching poals, and a list of at least 3 references o
gran ger@tamu.edu or Harris J. Granger, PhD, Department of Systems Biology & Translational

Medicine, College of Medicine, Texas A&M Health Science Center, 702 5W HK Dodgen Loop,
Temple, Texas Ta504-T105.
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FACULTY POSITIONS
PARASITOLOGY

Southern Winois University Carbondale (SIUC),
the College of Science seeks an outstanding Scientist
in the general arca of parsitology o complete a noscanch
cluster in pathogenesis,//parasitology /epidemiology
as an ongoing park of SIUC's commitment o en
hance mterdisaphnary rescarch (website: http: £/
newssin.edus1 50, Southern [Mlinois Universicy
Carbondale s a large, public, comprebensive research-
intensive unversity situated in a pleasant small-town
setting southeast of St Louws,

The Department of Zoology at SIUC imvites ap-
plications for a tenure-track position as an ASSIST-
ANT PROFESSOR with a start dare of August 16,
2008, Applicants must hold a Ph.). or other ap-
propriate doctoral degree and have a record of
relevant postdoctoral research training by the time
of appointment. The applicant must also have an
externally funded research program or the potential
for developing one, as well as a significant record of
peer-reviewed publications.

The successful candidace will enhance and com
plement existing programmatic strengths in the arcas
of ecology, environmental biology, conservation,
biodiversiy, and evolutionary biology with a basic
research program in some aspect of parasite biology
such as host-pathogen interactions or co-evolution,
host defense mechanisms, host specficity, epidemi-
ology, biogeography, population dvnamics, re-
sponscs to envirormental factors, or devdopment
of methods and agents to combat parasives. Modemn
research facilities and startup funds are available. The
suceessful applicant is expected o wach an intro-
ductory parasitology  course, help teach animal
diversity, and a graduate-level course dependent
upon the mdividual’s expertise and program needs.
The Department of Zoology, with a facalty of 25,
offers B.5., M5, amd Ph.I dl.g:rﬁ.-s (website: htrl::ff
www.scence.swedu/ soology /).

Applications: Feview of applications will begin
October 15, 2007, and contnoe unil the positions
are filled. Applicants should submir curriculum vieae,
a statement of teaching and research interess, and
the names and addresses of at least theee references
1o Pamsitology Search Committee Chair, De-
partment of Zoology, Maileode 6501, 1125
Lincoln Drive, Southern Illinois University Car-
bondale, Carbondale, [L 62901, E-mail: zoology @

zoolopy.siuedu.
S iz an Affemative

Actiond Egqnal  Opportunity

Enployer thar strives 0 develop a diverse famlty and stff

and w0 ipowase i potentiol 1o senve a diverse stdenr
poprilation. AN applicanons are enconragad and sl eceive
coRsiderano.

BIOLOGIST /BIOINFORMATICS /PROTEIN
STRUCTURE

The Deparument of Biological Scicnces ar Manguette
University has a tenure-track ASSISTANT PROFES-
SOR position available August 16, 2008, Applicants
must have a Ph.d with postdoctoral experience.
The successful candidare is expected w develop an
extramurally funded rescarch program thar will com
plement existing arcas of rescarch within the De
partment (website: hitp: £ /biology .marquette.
edu). Preference will be given to applicants who
van also provide expertise in bioinformatics, ge-
nomics or protein structure that enhances ongoing
programs campus-wide, Teaching responsibilities in-
clude an imtroductory biology course for undergrad-
uate majors and a graduave course in the candidate's
area of expentise cach year. Review of applications
until the position & filled. Candidares should apply
online at website: hup: / fcarcers. marquette.edu,/
applicants,/ Central} quickFind-5107 3 Apphication
provess requines curricalum vitae and statement of ne
search and teaching interests. Three reference letters
are o be sent to: Dr. Robert Fites, Chair, Depart-
ment of Biological Scences, Marquette Univer-
sity, WLS 112, P.O. Box 1881, Milwaukee, WI
53201-1881.
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FACULTY POSITIONS
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FACULTY POSITION
Meunroplasticity
University of Wisconsin, Madison

The Cemer for Neuroscience at the University of

Wisconsin, Madison, is secking 2 NEUROSCIEN-
TIST mtercsted in developing an interdisciplinary
rescarch program dedicaved o newroplasticity. with
special emphasis on mewrophamacolossy for a tenure
track JUNIOR or SENIOR FACULTY position.
Areas of mrerest nclude, buat are not limited to, phar-
macology, symaptic plasticity, and molecular and cdd-
lular mechamsms of learmingr and memory. Bescanch
programs investigating phenomena and mechanisms
of plasticity at all levels of biological organization in-
cluding clinical applications will be comidered, These
faculty positions are pan of the neuroscience imtiative
at the University of Wisconsin, Madison (sce website:
hitp:/ S www.neurosde nee.wisc.edu),

Appropriate credentials may be PhaD. and for MDD,
or cquivilent degrees, with responsibilities including
rescarch, teaching, and other activites commensurate
with background and expenence. The suaesstul can
didate should have a record of outstanding reseanch
achievements and the potential to develop a2 strong
independent research program. Please submit cumicu-
lum vitae, a summary of research program goals, three
o five recent publications and three levters of reference
clecronically ta:

Thomas Sutula

Search Committee Chair

Director, Center for Neuroscience
E-mail: sutula@neurology.wisc.edu
Armold E. BEuoho

Scarch Committee Co-Chair

Chair, Department of Pharmacology
E-mail: acruoho@wisc.edu

Nare: Unless confidentiality i nequested i writing, infor-
rnation mrgarding the names of applicaues et be eefeased npon
reguost. Finalists caneot be geanantead confdemialicg. LT,
Muadison, i an g oty CAffomasive Aoion Euplayer.

DEVELOPMENTAL BIOLOGIST

The Biology Department of Albion College
announces a search for a tenure-track Developmen-
tal Biodogist ar the rank of ASSISTANT PROFES-
SOR, to begmn in Aupust 2008, A PhoI). is required.
College teaching experience and 2 demonstrated
record of scholarship are preferred. The successful
candidate will be expecred o reach a majors  course
in developmental biology and develop a course in his
or her area of expertise. The candidate also will share
responsibilicees i an imroductory cell and molecular
111:5:155; course. A rescarch agenda thar incorporates
undergraduate students s expected. Facilities in-
clude a new, well-equipped, interdisciplinary scicnce
complex, state-ofthe-art molecular biology equip
ment, a wide array of tcaching and rescarch-grade
micrascopes, and controlled-environment chambers.

Albion Collepe is a selective, liberal arts college of
1,900 students located in a diverse community of

9,000 people in south central Michigan, within an
howr's drive of three major umversites . See website:

heep: / Swwweal bion.edu/ biolo for further in-
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formanon and 2 more comprehemsive listing of

instrumentation and resources, Send lewer of appli-
cation, statements on teaching and research interests,
curriculum witae, graduate and undergraduate tran-
seripts, recent reprints, and three lewers of refenence
(eleectronic copies not acceptable) to: D, Ruth E.
Schmitver, Biology Department, Albion College,
Albion, MI 49224-1831. The deadline for com
pleted applications i October 15, 2007, Abion Collge
5w Egual Cppastenity Employer comumitad fo alioeesity o a
cove dnstiminional salse

FACULTY POSITIONS
ASSISTANT PROFESSORSHIPS in BIOLOGY
Western Washington University

The Biology Departnsent at Western Washington
University, a regional comprehensive university lo-
cated between Scatle and Vancouver, British Co
lumbia, inviees applications for three tenure-rack,
ASSISTANT PROFESSOR positions, bemnning
September 2008, We seck individuals commuitted to
undergraduate and M.S_ education who will establish
viporous research programs that involve students,

EUKARYOTIC CELLULAR MOLECULAR
BEIOLOGIST: 'h.D. and postdoctoral experience
in cukarvotic cellular and molecular biology re-
quired. Applicants must provide evidence of the
ability to teach introductory and advanced courses in
cell biology or genctics and in molecular biology
wechniques. We are interested in applicants with ex-
pertise m eukarvotic systems at the cdlular level,
who use molecular and//or genctic methods o
address fundamental research questions. Review
begins Movember 1, 2007,

ECOLOGICAL GENETICIST: 'h.). and post
doctoral expenence in genencs, ecology, or evalu
donary bicdogy required. Applicants must have
traming i ecobogical genetics and provide evidence
of the abiity to reach upper-level courses in general
penetics and evolutionary biology. Applicants whao
are broadly mrained with expertise in guantitative
genetics and Sor genomics and with strong staristical
skills are of particular interest. Review begins
Orerober 22, 2007,

NEUROBIOLOGIST: Ph.0>. and postdocioral
experience in neurobology required. Applicants
who can contnbuwe 2 molecular and cellular ap-
proach to an emerging behavioral neurosciences
program are of particular interest. The applicant
must provide evidence of the ability to tweach
introductory animal physiology and advanced
COurses in l!ll.lll'i.!ll‘ll{lllut."'l.- and i ecell biology or
g:nv:llu Review begins November 1, 2007, See full
POSItIOn  anno uncements, mdur.l:nb all required

qualificarions, ar website: heepe/ /biol.wwu.edu/

hinl_(_ﬂf:, To apply, submit curnculum vtae, stare-

ments of teaching and research interests, and three
letters of reference. All marerials should be sem w
the atention oft De. Jeffrey Young, Chair: Eu-
karyotic Cellular Molecular Biology Search Com-
mittee; De. Merdll Peterson, Chain Ecological
Genetics Scarch Committee; Dr. David Leaf,
Chairr Neurobiology Search Committee; Biology
Department, Western Washington University,
516 High Street, Bellingham, WA 98225-9160.

Affirersarive Acton/Egual Opportieeity Eneployer

TENURE-TRACK FACULTY POSITION
Biochemistry
The I'}u.'p.mm-:m of Chemistry and Bioche mistry

at the Unwersity of San Dicgo (website: I“EE 7
www.sandicgo. cdu/chemistry), an independent

Catholic unwersity, imates .1|'rp!u..1l|.mm for an open-
rank tenure-track position in biochemistry begin-
ning fall 2008, The Department i housed in a new
150,000 square foor mrerdisciplinary science fciline
|.1tm'.ling., over 53 million i new instrumentation and
cquipment, induding 400 and 500 megahertz nuclear
Magnetc resonanace SPECETOMCLers. The suceesstul
candidate will have a commitment to undergraduate
education; have the ability to teach a range of un-
dergraduate level courses including biochemistry
(lecture and laboratory ), general chemistry, and spe-
calized courses; and o establish a vigorous under-
graduate research program. Female and minoricy
candidates are np-:n'iallj-' -.‘11:-.:11n1g:-.l o apply. Please
send curriculum vitae, transeripts (uruliq.mr.ultmu
and graduate), statement of teaching philosophy,
rescarch plans, and three letters of recommendation
w: Biochemistry Search Committee, Department
of Che and Biochemistry, University of San
Diego, 5998 Alcala Pack, San Diego, CA 92110.
Applications must be received by Ocrober 15, 2007,
for full consideration. (785 is an FEgual Cypormnity
Eanghayer.

WWW.SCIENCeCareers.ong




ASSISTANT PROFESSOR IN COMPUTATIONAL BIOLOGY #1164S

The University of California, Berkeley invites applications for a position in the area of Computational Biology at the assistant (tenure track) profes-
sor level starting July 1, 2008, The University has committed to establishing Berkeley as a premier institution for education, training and research in
Computational Biology, with extensive research activities, full integration between multiple UC campuses through QB3 and relevant programs at the
Lawrence Berkeley National Laboratory (LBNL) and the Joint Genome Institute (JGI). This position is associated with the Center for Computational
Biology, which includes computational scientists across the full spectrum of the mathematical. physical, engineering and biological sciences, creating
an exceptional environment for both research and education in this rapidly growing field. The focus of this position is on the physical sciences, and the
holder of the position will have a primary appointment in an academic depariment appropriate to his or her inlerests.

Applicants should have a research focus in the broad area of Computational Biology and hold {or be about to receive) a doctoral degree or equivalent in
a quantitative field. The scope of the position includes innovative approaches to major problems in computational biology using physical, chemical, or
engineering principles. Specialized areas may include, but are not limited 1o:

* Protein strocture and function, ligand and protein design

* Protein complexes, molecular machines, cellular modeling

* Multiscale biological modeling, molecular mechanics and dvnamics

We seck individuals with demonstrated excellence in research, and the potential for excellence in teaching and leadership. Successful applicanis will
be expected to establish a pre-eminent research and educational program, and develop and teach courses in appropriate areas of the computational sci-
ences.

Applicants should send a curriculum vitae, a selection of publication reprints (five or less), and a brief statement of research plans and teaching interests,
highly prefereed to be sent electronically, in pdf format, to the email address below. The applicant should also arrange for three letters of reference 1o
arrive by December 1, 2007, to the same email address below. Please refer potential reviewers to the UC Berkeley Statement of Confidentiality found
at; hitp://apo.chance.berkelev.edu/evalltr hitml,

chifm berkeleyv.edu (dectronic/pdf submissions strongly preferred)
-or-
Chair, Computational Biology Scarch Committee
Center for Computational Biolegy#11645

University of California, Berkeley
304 Stanley Hall #3220
Berkeley, CA94720-3220

All applications must be complete by December 1, 2007 for consideration in this vear's recruitment cyvele.

The Universivy of Califorsia is an Equal Opporuming/Affirmarive Acvion Employver,

Tenure Track Faculty Position:
Environmental Biologist

MeDaniel College mvites applications for
a tenure track appointment at the Assistant
Professor level in Environmental Biology,
with botanical emphasis, to begin Fall, 2008,
Responsibilines include courses in Ecology,
Botany and Population Biology, as well as
participation in freshman courses and senior
research projects, Applicants must be willing to
participate in the College's First Year Seminar
and other general education programs. PhD
strongly preferred; ARD nequired.

Interested applicants should send a letter of
application, crrvicelim vitae, three letters of
reference, a statement of teaching phil osophy,
and a statement about research to be done
with students 1o Dir. Wilbur Long., Biology
Department, MeDaniel College, 2 College
Hill, Westminster, MD 21157-43%0. Elec-
tronic applications should be addressed o
wlongi@ medanieledu, Application review
will begin on October 22, 2007,

One of forty colleges and universities nation-
wide known for its success at changing the
lives of its students, McDaniel College 15 a
selective liberal arts college located in central
Mary land, an hour's drive from Baltimore and
Washington, [ [ts primary commitment is to
outstanding teaching and to fostering critical
and creative thinking and humane and respon-
sible acton.

MeDenie! Coffeze, an AA/EEQ and an
envanrd-witmning ADA Emplover, welcomes
applications fiom women and men of diverse
racial/ethnic backgromnds,

B Cr

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

The School of Basic Sciences at EPFL antici-
pates making several appointments at the level
oftenure track Assistant Professor inthe broad
field of physics of biological systems. The open
faculty positions are offered inan environment
of both theoretical and experimental research,
at the inter face between physical and biological
sciences. The appointed Professars will enjoy
¢lose contacts with the School of Life Sciences
of EPFL, the School of Biology and Medicine
of the University of Lausanne, and the Univer-
sity Hospital of the Canton de Vaud (CHUV).

Outstanding  candidates  with  recognized
accomplishments investigating the structure,
dynamics and function of biological systems
from the molecular to the cellular levels are
particularly encouraged to apply. Proposed
research activities covering advanced imaging
techniques are also of interest. Existing
rescarch facilities are strong in bio-imaging
and electron-microscopy, including access o
the Swiss hght source for synchrotron radiation,

Faculty Positions in

Physics of Biological Systems
at Ecole Polytechnique Fédérale

de Lausanne (EPFL)

Successtul candidates are expected to initiate
independent, creative research programs and
be committed to excellence in undergraduate
and graduate teaching. We offer internatio-
nally competitive salaries, staft-up resources
and benefits.

Applications including curriculum vitae, pi-
blication list, concise statement of research and
teaching interests as well as the names and
addresses (including email) of at least five re-
ferences should be submitted in PDF format via
the website hitp:/sh.epll.ch/physsearch by
November 1, 2007. Inquiries may be directed
to Prof. Rolf Gruetter (rg_phvshioi epflch).

For additional information on EPFL, please
consult: httpedwww.epflch, hup:/shepflch,
http: Vsv.epll.ch

EPFL is committed to balance genders within
its faculty and most strongly encourages quali-
fred women toapply.
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FACULTY POSITIONS
CHAIR

The Department of Physics and Astronomy at the
University of Waterloo, Canada, invites nominations
and applications for the position of CHAIR OF
THE DEPARTMENT. Candidates are expected to
have a distinguished record of teaching, research and
demonstrated alality in leadenhip and admimstranon.
They should alo be elptble for a faculty positon,
nomally at the level of FULL PROFESSOR. The
sucoessful candidate wall set the academic tone for
the Department, be responsible for the relationship
berween the Department and the broader academic
community, and play a leading role in the academic
planning and mamagement proscess within the Faculo
of Science,

The Dreparument has more than 50 full-time
members of fculty and staft, 110 graduate students
and postdoctoral Fellows and 200 honours under-
graduate phywsics and astronomy students. Under-
graduate studies are available in both a Cooperative
Education and Regular format. The Department has
close ties to both the Institute for Quanm Computing
and the Perimeter Instimte. The Department e
scarch active and attracts outstanding Canadian and
international applicants to s graduate program.

The University of Warerleo s lbocated in the
amractive two-university commumnity of Eivchener-
Waterdoo (population 300,000} in southwestern
Ontario, about one hour west of Toronto,

Applications and pominations should include a
detaled resume, the names and contaa information
for three individuals willing to provide references,
and a statement of capalalities and gualification. For
full consideration, applications should be receved
prioe o October 15, 2007, Send applications or
OMIANALIoNS to:

Professor Terry MocMahon, Dean
Faculty of Science
University of Waterloo
200 University Avenue,
West Waterloo, Ontario
Canada, NIL 3G1
Telphone: 519-888-4591; fax: 519-746-2543;
e-mail: lweber@uwaterloo.ca.
AN gralified condidases ane enconragal to apply; however
Canadian civzoms and peronment rosidess oill be gices
prioriry. The Usiversity of Waredoo enonages applicrions

frovee all guealiffed idividals, focliding women, monbes of

wisihle wrmornes, wative people and persons widly disabilivies.

ASSISTANT PROFESSOR in BIOCHEMISTRY
The Chemistry Department of the U5, Maval

Academy iwites applications for one or more fenune-
track positions in biochemistry at the ASSISTANT
PROFESSOR level o begin August 2008, The
epartment consists of 39 full-time faculty members
including five biology /biochemistry feuly, and oe-
cupies over 52,000 square feer of newly renovated
office, dassroom, and laiborateey space equipped with
a wide aray of modern instrumentation and computer
facilities. Approximately 30 students per vear graduane
with Amencan Chemial Societyv-certified  chemstry
degrees, and planning is underway for a biochemistry
track. The sucazssful applicant must be stronply com

mitted o teaching ar the undergraduate level and will
be expected to help teach general chemistry and bio-
chemptry courses on a motaing basis, In addition, the
candidare of choice will be expected to develop and
maingin 1 vigoroos research program which incledes
supervision of undergraduate researchers, Candidanes
should send curriculum vitae, statement of waching
philosophy, concise desciption of rescarch Sscholarly
ineerests and arrange for three letters of recommen-
dation (ar least one of which addresses teaching ) to be
sent by October 22, 2007, to: Search Committee,
Chemistry Department, ULS. Naval Academy, 572
Holloway Road, Annapolis, MD 21402-5026.
The U8, Naval Acadewny is comminted fo ideerifping minovity
porsons and sonren wnith the appropriate gualifications and is an
Equal Oppoernity CAffiomanve Amion Engploper. This agency
pravides asmable accomrodarions fo applioness warl disabilinies,

1582
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FACULTY POSITIONS

£ Washington University in St.Louis
SCHOOL OF MEDICINE
FACULTY POSITION in DEPARTMENT of
CELL BIOLOGY and PHYSIOLOGY
Molecular Oncology Program

The Department of Cell Biology and Phvsiology
at Washington University School of Medicdne invites
applications for a enure-track appointment at the
rank of ASSISTANT PROFESSOR. The suc-
cessful candidate will join the Maolecular Oncology
Program, a joint progran bevween the Departments
of Cell Biddogy and Internal Medicine at Washing-
ton University School of Medicine, The Molecular
Oneology Program is comprsed of a vibrant group
of nteractive investigators studving cell ovcke con
trol, checkpoint control, cell death, G-protein
sipnaling, telomere biology, HIV pathogeness,
metastasis, OnCOEenes, and  tumor SUPPressors.
Outstanding individuals investigating fundamental
problems in molecular oncology are encouraged o
apply. Candidates must demonstrate the ability o
develop an independent research program and a
commitment to excellence in graduare edoucation.
Applicants must have a Ph.D. and/or M.13. and
postdoctoral experience. Please send curriculum
vitae, a summary of current and proposed research
programs, and arrange for three laters of recom-
mendation to be sent tex

Dis. Helen Piwnica-Worms and Kendall |. Blumer,
Co-Chairs
Cell Biology and Physiology Search Committee
Washington University School of Medidne
660 South Eucid Avenue - Campus Box 8228
St. Louis, MO 63110
E-mail: facultysearch@cellbiology.wustl.edu
Applications should be received by February |,
2008, Welhimron Unnvsiy & committed R irestg
represetativn of avencs aend arceshers of aninoaty groags o it
farefty aind pavtienlarly cocorrapes applicarions  frome s
cuirsalifeatees.

BIOCHEMISTRY IPOSITIONS

Washington University in 5t. Louis seeks w fll
twio positions o begin in the fall 2008 in any arca of
biochemstry. One position will be located in the
Department of Chemistry in the School of Ares and
Sciences, The other positon will be located in the
Deparmment of Biochemisiry and Biophyvsics at the
School of Medicine, A successful candidare will hold
their primary appointment in the Department in
which they are located, In addition, cach position
holds the potential for a joint appoinmment in the
seeond Department. The development and mainge-
nance of an outstanding rescarch program and the
teaching of both core and advaneed biochemisery
courses are required. Applications should consist of
curriculum vitae and a concise rescarch proposal or
proposals. These documents are to be submitted in
clecronic form as I'DF (portable document format)
files to e-mail: search@wuchem.wustl.edu with the
subject line Biochemistry Faculty Search. Applicants
should also arrange for three letters of reference w
be sent to e-mail: search@®wuchemowustledu, with
signed originals sent oz

Biochemistry Faculty Search Committee
Department of Chemistry
Campus Box 1134
Washington University
One Brookings Drive
5t. Louis, MO 63 130-489%
Fax: 314-935-4481
E"mnrlu:l:d applications for the position must be
received by 15 October 2007, w0 ensure inclusion in
the initial review. However, applications received
later will be aceepted and reviewed unnil a candidare
has been hired or the search discontinued. While an
emphasis will be place on hinng at the JUNIOR
FACULTY level, truly exceprional applications at all
levels will be considered. Wasliimgton University & an
Epial Oppoetnniry, Affiemarive Acvion Eaploper. Inidividuals
e awrderrepesentod groups ave s ped anly crvomdged i apply.

FACULTY POSITIONS

TENURE-TRACK FACULTY POSITION
Endocrine Division /Center for Molecular
Medicine and Genetics
Wayne State University School of Medicine

Aenure-track position foran owtstanding Phyvsician-
Scientist (M., or M.IDL-PhO) degrees) ar the AS-
SISTANT, ASSOCIATE, or FULL PROFESSOR
level is availlable as a jint appointment between the
Endocrine Division of the Department of Internal
Medsicne and the Center for Molecular Mediane and
Genetics {website: http: )/ /www. penetics. wayne.
edu}. The appointec would be housed in the labao-
ratories of the Center, which recently underwent a
S0 million renovation of s bborawry and core
research facilities. The candidate would join an active
faculey conducting basic and translational rescarch,
An attractive stantup package is avallable, which in-
cludes the proceeds from a 51 million (Brasza family)
endowment intended to support diabetes rescarch.
The Division of Endocninology serves inpatient and
outpatent ¢ndocnine Adiabetes patients at the Detroat
Medical Center hospitals, which are over 1,000 bed
facihiies. There are ample opportunites for both
basic and clinical research in diabetes. The scientific
environment includes several basic scientists with
active MIH-funded research in bera cell biology,
insulin actions, mitochondnal sigmaling, adipokines,
and diaberes complications. The Endocrine Division
has an Accreditanon Coundl for Graduate Medical
Education-approved fellowship program. We are re-
cruiting 2 candidare who has arcas of ongoing dia-
Petes rescarch in translational genctics or genomics,
nduding inborm ermors of meabolism, mitodhondeal
disorders, or treatment of genetic disorders, There are
extensive cpportunities for collaboration and excellent
opportunities o develop translational  rescarch with
ndustry, gpovernment, and other acidemic msntunons.
Wame Stae University is Michigan's only research
university located in an wrban settng. Applications
will be reviewed upon receipt and review continued
until the position has been filled.

Applications should include a letrer of applica-
tion, curmiculum vitae, and the names and addresses
o at least three references and be sent to: Ms, Mary
Anne Housey, Center for Molecular Medicine
and Genetics, Wayne State University School of
Medicine, Rm. 3127 Scott Hall, 540 E. Canficld
Avenue, Detroit, ML 48201 or by e-mail: mhousey @
genctics.wayne.edu.

WSLE an Bl Oyppovirueiry /A fimnanvee Adior Employer.

VIROLOGIST

The Dwision of Bwlogical Saences at the Uni-
versity of Montana is secking a Virologist working in
infectious disease who complements current research
areas and can participate in teaching virology at the
praduate and undergraduate levels,

This renure-track position is at the ASSISTANT
or ASSOCIATE level, depending on qualifica-
tions, The ideal applicant will have postdoctoral
rescarch experience, evidence of teaching excellence,
an established record of rescarch productiviy, and
demonstrated success or potential w seeure research
fundmg.

The new hire will join a diverse group of active
frculty in the praduate programs in integrative mi
crobiology and biochemistry, who enjov collegal
interactions with faculey in a vanety of other grad-
wate programs (s websives: hitp:/ /dbs.umt.edu /
and hittp: / Avirologist.dbs.umt.edu].

Applicants should send curricalum  vigae, stare-
ments of research and teaching interests, and names
of three references vo: Chair, Virologist Scarch
Committes, Division of Biological Sciences, Uni-
versity of Montana, 32 Campus Drive, Missoula,
MT 59812, or submit clectromically to e-mail:
virology. scarch@mso. umt.edu. Review of materials
will begn October 15, 2007, The Division is inter-
ested in hiring a candidate who will enhance the ethnic
and pender divesity of its faculty. UM is an Affinatioe
Action /Eguval Opparsnivy Engplapeed ADA S Veterans Prefer
erwe Enploper amd the necipient of an ative NSF PACE mparnd.
This muaterial ds apafable far an ACTRTTE [Overal fpi e
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SANUS

GRADUATE MEDICAL 5CHOQOL

Faculty Positions
Cancer and Stem Cell Biology

The Duke-NUS Graduate Medical School Singapore (Duke-NUS
GMS), a global partnership between the Duke University and
the Mational University of Singapore, is recruiting internationally.
We seek creative scientists who are focusing on discovery
biology and/or translational medicine in the field of Cancer and
Stem Cell Biology.

Applicants for all ranks should have a FhD, MD, or equivalent
and a record demonstrating outstanding promise. Special
opportunities exist for research involving cancer stem cells,
advanced imaging, and translational studies both in non-human
primates and in collaboration with world-class clinical services,
including Singapore’s Mational Cancer Centre and General
Hospital. Successful applicants will join investigators already
affiliated with Duke-NUS GMS (see www,gms.edu,s?ll, Faculty
positions include full salary, generous start-up, and research
funding of up to S5500K/p.a., assuring a stable base of support

that can be supplemented by competitive grant awards, which
are expanding rapidly in Singapore.

Interested candidates should send a cover letter, curriculum
vitae, a summary of research accomplishments and future plans,
and arrange for three letters of reference to be forwarded
(Assistant Professor candidates), no later than 9 November
2007, to:

David Virshup, Director
Program in Cancer and Stem Cell Biology
Duke-NUS Graduate Medical School Singapore
2 Jalan Bukit Merah, Singapore 169547
email to: C5B.recruit@gms.edu.sq

Igniting the Pieneer Spirit

Microbiology Faculty

Stony Brook University's Department of Molecular Genetics and Microbiology
in the School of Medicine invites applications for a tenure-track faculty position
al the Assistant Professor level in the fiedds of virdlogy and viral pathogenesis.
Successiul candidates will be expecied 1o establish a vigorous extramural
research program, direct graduate stugent and posidoctoral research, and
participate in Departmental teaching and administrative responsibilities. The
Department of Molecular Genetics and Microbiology and the adjacent Center
for Infectious Diseases provide a highly interactive scientific community with
world-class research facilities including two B3L-3 laboratories. The Department
has training grants to support graduate stdents and postdoctoral fellows. The
School of Medicine and Stony Brook University maintain core facilities that
include imaging, sequencing, animal/ransgenic, cell sorting, proteomics,
microaray, bicinformatics, monoclonal antibodies. and cell culture.

Required: Applicants must have a Ph.O. or M.0/Ph.0. and have at least two
years of postdoctoral experience. Outstanding candidates whose research is
in the area of host response to viral infection are encowraged to apply. Spacial
consideration will be given 1o candidates whose expertise will contribute

to the study of human infectious dissase. Specfic areas of interest include,
bt are not limited to, ANA and DNA viralogy, virus-cell interactions,
pathogenesis, and immunity to vinses.

The review of applications will begin immediately, and will continue wntil
December 31, 2007, or until the position is filled.

To apply, send a C.V, a brief summary of accomplishments and future
research interests {four pages lotal), and the names and contact
information of three mferences to: Mancy C. Reich, Ph.0,

Chair of Search Committee, Depariment of Molecular Genetics and Microbiology
130 Life Sciences Building. Stony Brook University, SUNY

Stony Brook, MY 11794-5222
STONY

Fax. (631) 6329797

Eqjual Dppeetunity A emative Action Employe:
Vit vk stonpdrook. ey iobs lor emalnyment W
inlarmation, \

MELANOMA RESEARCH
FACULTY POSITIONS

Thie University of South Florida College of Medicine and the Donald A
Adam Comprehensive Melanoma Research Conter at the H, Lee Moffito
Cancer Center and Research Institute are seeking laboratory-based
faculty members with a PhoD, M.DL or MD-PRDL in the Department of
Interdisciplnary Oneology with an interest in meanoma research. The
prospective candidates will be appointed a the Assistant, Associate or
Full Professor level, and it is expected that they woulkd establish an
independent funded laboratory research program concentrating on
transkational mekanonma ivestigation in the Nelds of genetics, Sgnal
transduct ion, micmoowironment, apoploses o the coll eycle

An outstanding sart-up plan is svailable, ss well as a highly competitive
salary package with excellent lab space. Aspecific aftraction is the
opportunity to interact with ongoing well-fimded wesearch programs in
traneskational imnmokodyimmuotherapy, doeg development, population
scienee and molecular oncology. The Comprehensive Mdanoma
Research Conter will bring together dinicians and basie and transkationa
scientists at Moffint to aggressively pursue new ideas in the etiology,
treatiment and prevention of mekasome, AL the H Lee Moffitt Caneor
Center, significant growth in basic and translational research, in
laboratory space resources and faculty recruitment will oceur in the next
decade as ahigh priority.

The AssocialeFull Professor must have a proven track record of
independent rescarch and demonstrat ed sustained extramuml funding In
addirion, the Associate Professor rank requires at least five vears
experienee with continning and productive service as an Assistant
Prafessor. The Professor rnk roquires documentation of national
recognition, leadership ability and at least five vears experienoe with
continuing and productive service as an Associate Professor. The
positions are temure earning and salary is negotiable,

Please reference position no, 14243, Interested candidates should send
curmicubum vitae ad a brief statement of major academic nterests inone
single pdf document to Jeffrey Weber, M.D, PhoD), efo Kathy Jordan,
Supervisor Recnutment & Appointment, Department of Interdisciplinary
Oncology, 12002 Magnolia Dr., Tampa, FL 336120 For inguiries contact Dr.
Weber at 813-T45-201, or email Jeffroy. Weber@moflitt.org, The positions
are open until Mled Application review begins September 7, 2007,

USF}

HEALTH

[SF Health s committed fo i newasing s diversity omnd will g:ll." indiridual
comustulerrndioe ho qeral] fed applivasts fr s ;pmr: it e in ety

diprrse st ings, w0 possess variod fanrusge @il or wiv haoen roord of respanh
theart s prportsbemglils diverse commannities or looching a diverse shwdent I
The Diversity of Soudh Floyida is an EOEAAA :.ﬁu  For el ility
aceommnodaliong, amioet Koty Jordan al (813) 7 I—l.ﬂ a wnia b of fieeseorking

days in edcance. Acconoling (o FL. fair, nmiﬂumn‘;umi‘mm g M are
apen b live parlfie,
www.moffittorg
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FACULTY POSITIONS

ECOLOGICAL /ENVIRONMENTAL
FACULTY POSITION

The Department of Environmental Tosicology /
Institute of Environmental and Human Health
("TIEHH ), Texas Tech University, i seeking a new
faculty member at the ASSOCIATE or FULL
PROFESSOR. level with a focus on ecologically
and or environmentally related diseases. The candi
date wall complement and expand areas of expertise
represented within our enviconmental and human
health research, teaching, and service programs { see
website: hetp:/ Swww.richh.towedn for program
desenption), The successiul applicant wall have a
Ph.I», an owstanding research, publicanon, and
funding record, and is expected o build an active
externally funded and internationally  recognized
progeam, The suceesstul candidate should exhibin
significant evidence of intermal and exvernal collab-
orative achicvement. The ideal candidate should also
be able o demonstrate excellence i teaching and be
prepared o contnbute to the educanon and ramng
of graduate students.

Applications for this tenured or tenure -track po
sition will be accepred unol the position is filled.
Applicants must submit online complete curriculum
vitae, statement of teaching philosophy and in-
terests, and a self-statement on how the candidate’s
proposed research will complement the current
expertise of the Deparvment and Instivute (including
starup requirements with annotated budger). Please
process vour application by accessing the Em-
plovment siee at website: hitp://fjobs. texastech.
edu to reference requisition number 7R, Appli-
cants should provide names and contact information
for three colleagues willing to provide confidential
leters of recommendation on their behalf, Letters
of recommendation should be e-maled to e-mail:
ernest.smith@tiehh.ttu.ed u.

Estabhshed as a joint venare between Texas Tech
University and Texas Tech University Health Sa
ences Center, TIEHH pursues mulndiscplinary
research in the arexs of environmenl tosdcology
and human health, Emphasis is placed on developing
innovative approaches to complex rescarch guestions
that are of current importance, including the areas of
Iielengical and chentcal threats,

Female aind miverity candidates ane sty criconngged fo
applp. TTU & Egeal Oppotaneity /A fftemative Action le-
stimbion and acively secks dfeorsity among its enplopees.

BIOLOGY DEPARTMENT
Eukaryotic Developmental /Cell Biology

The Department of Biology secks applicanes for a
tenure-track position to begin lae August 2008,
The successful candidate must have a Pho». and must
have demonsrared excellence in undergraduate teach-
ingz; postdoctoral rescarch experience preferred. Pref-
erence will be given to candidates working in animal
or fungal systems who can take advantge of existing
facilities. This person will teach introductory biolo
gy, molecular cell biodogy, genetics, and clectives in
area of expertse, and s expected w mauntin an
active research program that involves undergrado
aws. Colorado College s committed o increasing
the diversity of its commumity and curriculum. Can
didates are encouraged to identfy the ways in which
thev can contribute w that goal. Application dead-
line s Ocrober 14, 2007, To apply send lever of
application, curriculum vitae, graduate amd under-
graduate transcriprs, statements of teaching philose-
phy and rescarch intercsts, and three letrers of
reference to: De. Mare Snyder, Department of Bi-
ology, Colorado College, 14 E. Cache la Poudre
Street, Colorado Springs, CO 80903, Colorado
College is a highly selective national liberal arts col
lege with a wnigue one-course- at-a-time curricalum.
The College is an Egual Oppormnicy Emplaper diat does nof
disrriinate o the basis of race, coloe, age, religion, sec, sexual
aiertation, sational origin, or disability in it eduational pr-
grams, ailipiics, oF epploprent praides.

1584
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FACULTY POSITIONS

WAKE FOREST

UNIVERSITY

ASSISTANT PROFESSOR, BIOLOGICAL
CHEMISTRY
Wake Forest University

The Wake Forest University Department of
Chemistry expects to fill two tenure-track positions
at the rank of ASSISTANT PROFESSOR to begin
Auvgust 2008, We are a I'h.D-granting Department
whose mission 15 to lead in undergraduate and
graduate education and in research ventures thae ex
tend beyvond the tradivional boundaries of chemistry.
Outstanding opportunities for multidisciplinary col
laboration exist on our campus and with biomedical
science departments ar the Wake Forest University
School of Medicine, Applicants must hold a Ph.D.
jor equivalent) in chemistry or biochemistry, and
will be expected to have a strong commitment o
teaching biochemistry classes (and other classes
according to their expertise) at the undergraduate
and graduate levels. Applicants will also be expected
to estabilish a vigorous, externally supported research
program  mvolving graduate and undergraduate
students. Additional information about these pos
tions can be found at website: httpe /Swwwowfo,
edu/academics /chemistry., Apphcants should sub
mit a [etter of application, curriculum virae, copies of
undergraduate and graduate transcripts, 2 two- w
five-page statement of research goals, a one- to two-
page starement of teaching philosophy, and three
letters of recommendation o Chair, Biological
Chemistry Search Committee, Department of
Chemistry, Wake Forest University, Winston-
Salem, NC 27109, Applications will be acceped
untl Movember 1, 2007, Wake Forest Unioersity 6 an
Egnal Opportunity,  Afftrmarioe Aciion Emgloyor and &
stroweply commiitied fo rroeasing ihe diversity of (5 facelty .

FACULTY POSITION at the
UNIVERSITY of PUERTO RICO

The Deparment of Biology of the University of
Pueerto Rico at Bio Piedras (website: http: / /biology.
uprpeedu) invites applications for a tenure-track
position i cellular /mobeaular Mbiology Biochemisry,
Investigators with expertise - cellular mechansms
(er. sipnal transduction, intracelular trafheking,
prowin metabolism ) are particularly encouraged w
apply. Candidates must hold a Ph.D. or equivalent
and have postdoctoral experience. They are expected
to develop active research programs and to teach at
the graduare and wndergraduare levels. Interested
candidates should send resume, a statement of cur-
rent and future rescarch and waching goals, repre-
sentative publications and three keuers of reference
o e, James Ackerman, PO, Box 23360, UPFR
Station, San Juan, PR 00931-3360 or c-mail:
ackerman.upr@gmail.com. Applications will be
reviewed from Octaber T, 2007, until the position
is filled. University of Puerto Bice & o Eguad Opportenity
Engloper.

University of Mardand Deparoment of Kinesiolo-
v secks a tenure-track ASSISTANT PROFESSOR
to conduct rescarch, supervise graduare students,
and teach, Candidaves must have postdoctoral train-
ing and a Ph.D. in exercise physiology or a closely
related field, The candidate’s research must empha-
size mechanistic endpoints eelated o phvsical activ-
ity. Application deadline is November 1, 2007, with
a start dare of August 2008, For more information con

tact Jamwes Hagberg, Ph.D. (e-mail: h%hﬂ'%
umd. edu} or see the Department website: higp:
www. hhip.omd.edu /KNES/. Women and minoriies

aree strangly enanaraged to apply.

FACULTY POSITIONS

TWO TENURE-TRACK FACULTY POSITIONS
Exercise Physiology
West Virginia University School of Medicine
Division of Exercise Physiology

I an expanding commitment o research excellence
in cardiovascular and muscle biology, West Virginia
University School of Medicine mvites applications
from outstanding scentists for two new tenure- track
faculiy positions as ASSISTANT, ASSOCIATE or
FULL PROFESSOR, in the Division of Exercise
Physiology (website: hitp://www. hscowvu.edu/
som Sep S available Positions.asp ).

Applicants must hold a Photy., MDY, or equivalent
and have aurrent transferable exvramural federal fund-
ing as a Principal Investigator (e.g., NIH ROL). We
are secking candidares who we modern rescarch ap-
proaches 1o address significant clinical /vranslational
or basic prablems in muscle biology, cardiovascular
dizcases, or diaberes, and whose rescarch aligns with
the Center for Interdscplinary Rescarch in Cardio-
vascular Sciences or another rescarch center that
has been identified in the West Virginia University
School of Medicine.

Appointees will be expected to maintain an mde-
pendent, extramural nanonally funded research pro-
gram. The successful candidates will be encouraged
o partcipare in graduate education through devel-
oping 2 graduate course in their arca of expertise
and menwring doaord swdens, For qualified appli-
cants, administrative leadership opportunities cxst.
A generous stantup package, competitive salary com-
mensurate with experience, and independent labo-
ratory space will be provided.

Quialified individuals should submit complete cur-
rculum vitae, a bref description of rescarch mnter
osts, amd the names, addresses (induding ¢ -mail §, and
twelephone numbers of three references o John M.
Hollander, Ph.D., Search Committee Chair, Di-
vision of Exercise Physiology, West Virginia Uni-
versity School of Medicine, P.0. Box 9227,
Morgantown, WV 26506-9227, Please submit

materials electronically to e-mail: jholland er@hsc,
wyinedu and please copy all documents to e-mail;
astannard@hsc.wyu.edu and e-mail: rﬁ?illﬂ@hm
wyvnedu, Heview of applicaions will begin Sep-
wember 30, 2007, and continue wntil the positions
are filled. One of the positions s available Janvary 1,

2008, and the other position is available July 1, 2008,
WL s an Epuad Chpportisity £A fimnariee Aoion Euyloyer,

Muhlenberg College Biology Department an-
nounces two tenure-track ASSISTANT PROFES-
SOR positions beginning fall 2008, in phasiolomeal /
behavioral ecology (pending approval) and in ani-
mal physiology. Strong commitment to teaching
and rescarch in a small liberal ans college environ-
ment required. Eeology teaching responsibilities in-
clude intro course for nagors in the arca of evoluton,/
diversityfecology, general physiology, and upper
level courses in arca of expertise. Physiology teach-
ing responsibilities include introductory course for
majors in the arca of animal and plant organismal
wologry, general phyaology, and an upper-level aowurse
in area of expertise. Candidares that can intertace
with interdisaplinary environmental saence and for
nearoscience programs  welcomed. The College’s
new science facility offers state-of-the-ant teaching
and research laboratory spaces. PhoDD. required | post-
doctoral experience preferred) as are a record of ex-
cllent reaching amd an active research program that
can involve sdents. To apply, send lewer of appli-
catiomn, curriculum vitae, statement of teaching and re-

carch imterests, evidence of reaching excellence, and
three reference leters w: D, Richard Nicsenbaum,
Chair of Ecology Search, Muhlenberg College,
Allentown, PA 1BLO04; or toe Dre, Marten Edwards,
Chair of Physiology Search, Muhlenberg College,
Allentown, PA 18104, Appliant review begins
Ocrober 15, 2007, and continues unol the positions
are filled. Mublenbery College & an Bpual  Opportunity
Exnployer.
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UNIVERSITY of PEXNSYLVANIA
Institute for Diabetes, Obesity and Metabolism, Assistant/Associate Professor Tenure Track

The Institute for Diabetes, Obesity and Metabolism (1DOM) at the University of Pennsylvania’s School of Medicine seeks candidates for
an Assistant or Associate Professor position in the tenure track. Rank will be commensurate with experience. Applicants must have an
M.D, Ph.D. or M.DU/Ph.D. degree and have demonstrated excellent qualifications in Education and Rescarch. The faculty appointment
will be in the appropriate Basic Science Department and/or the Department of Medicine,

The successful applicant will receive an excellent start-up package and move into newly renovated space in a superb scientific environ-
ment,

Qualified applicants must have demonstrated research productivity related o diabetes or obesity. We are panticularly interested in individu-
als who will complement existing strengths of the Penn IDOM. For more information: visit IDOM website at http://www.med.upenn.edu/
idom/. The successful candidate is expected to develop an independently funded research program. Qualifications and experience in

teaching required.

Please send curriculum vitae, letter of research interest and three letters of reference to:

Mitchell A. Lazar, M.D., Ph.D.

Professor of Medicine and Chief of Endocrinology, Diabetes and Metabolism
Director, Institute for Diabetes, Obesity and Metabolism

University of Pennsylvania School of Medicine

700 Clinical Research Building
415 Curie Boulevard
Philadelphia, PA 19104-6149

The University of Pennsvlvania is an Equal Oppartunitv, Affirmetive Action Emplover.
Women and minority candidates are strongly encouraged to apply.

UNIVERSITY OF CALIFORNIA
SAN FRANCISCO
SYSTEMS/QUANTITATIVE
BIOLOGY

The Califomia Institute for Quantitative Bio-
medical Research (OB 3) at UCSF secks can-
didates for multiple tenure track faculty posi-
tions at the Assistant Professor level. We seek
exceptional individuals working in the area of
Systems Biology, broadly defined, working
on quantitative and computational analysis of
biological systems and networks.,

Candidates are expected to hold a PhD
or MD degres, or equivalent, and o have
demonstrated achievement in their fields.
The successful candidate will be expected to
estabhish a dynamic research program and to
be an excellent teacher in both graduate and
professional school courses.

Applicants should submit a curriculum vitae,
I-2 page summary of research accomplish-
ments, a 1-2 page description of future
research plans, and copies of major publica-
tions. Applicants should also have three o
five letters of recommendation. Please send
applications and reference letters to; Chair,
Search Committee, ¢fo Ms. Leslie Spector,
UCSF, BH-403E, 1700-4th St, MC 2542,
San Francisco, CA 94158, Deadline for
submissions: November 1, 2007,

We encourage women and minorities
to apply. The University of California
Sem Franciseo is an Equal Opportunity/
Affermative Action Emplover:

MICHIGAN STATE
UNIVERSITY

Molecular Oncology, Endowed Professorship

The Walter E Patenge Health Sciences Chair is an endowed professorship ot Michigan State Universaly in East
Lansing, Michigan, This tenured, laboratory-based, research-oriented position will be filled by a senjor-level
molecular oncologist with an owstanding recoed of lunded research in (e area of human cancer,

The Patenge Chair search is pan of a coordinated, well-funded initiative 1w enhance research on human
diseases at MSU, The Patenge Professor will have access to university genetics diagnostics labs, strong
epidemiology and neuroscience programs, in imerdepanimental graduale program in genetics, and
strength in research in a wide array of basic sciences. MSU prowvides excellent research suppon [cilivies
in genomics, proteomics, and microscopy.

M5 hasic science departments report administruively through the various University Colleges, whose
spudents and reseaech programs they serve. This adminisimtive structure promotes a highly collegial and highly
intend Eciplinary envimnment-with mamy collaborative opportunities. The Patenge Professor has acoess Lo the
resources of M5U's two community-based medical schools (0.0, and M.D.), and MSUs rescarch-onented
College of Nursing - all of which are associaied with birge health care svstems locaed throughout Michigan
The Pawenge Professor will receive subsiantial hbomtory space in MSU's stme-of<the-ant Cancinogencesis
Laboratory, a suiiable seiup package, and annual imterst from the endowment for furthenng the
candidme’s research. The successful candidate will be appoinied in one or more of the following
deparimenis: N-I:-;'Iuhiuhrg.' &z Molecular Genetics; Biochemisiry & Molecular Biology: Physiology: or
Pharmacology & Toxicelogy: A candidate who holds a professtonal degree will be sointhy .|'|Jp-.1|n|4.'1.f inan
appropriate climical depariment. Salary will be commensurate with the rank of endowed professor.
QUALIFICATIONS: The successiul candidae will have a superior record of peer-reviewed publication
and will possess a research andfor medical degree (eg, PhD, ScD, DO, MD). The successful
candidate will have a background tha demonstirates hisher ability 10 work synergistically with bath
scientific and medical colleagues.

APPLICATIONS: This position will remain open until Alled. Send a lewer of application, a vita tha
demaonsirales sucoess ab oblaining, external research funding, and a statement of rescardh goals along with
pertinent reprints and the contaa information for thee referees (addmess, e-mail, and phone). These materials
should be addressed 100 Chairperson, Patenge Search Comminee: A314 East Fee Hall: East Lansing, M1
48824, E-mailed submisstons in PDF format are wekcomed and encouraged at patenge search@he msn.edu
Michigan State University s committed 1o achieving excellence through culiuml diversite. The university
-_at.'lllwll}' |:In¢_inur_1:r:r=. applications and/or nominations from women, persons of color, veterans and persons
with disabilities.

MELI IS AN AFFIRMATIVE ACTION, EQLIAL OPPORTLIMITY EMPLOYER.
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FACULTY POSITIONS

ASSISTANT and for ASSOCIATE PROFESSOR of
HUMAN GENETICS

The Department of Human Geneties at the Uni-
versity of Utah School of Mediane is continuing a
W mapor expansion, recruiing three new nves
tigators over the next three years o build upon
exsting strengths in human genetes and develop
mental hiology.

We are seeking outstanding applicants at the leved
of ASSISTANT and/or ASSOCIATE PROFES-
SOR in the broad fields of genetics and functional
genomics, including bur not limited to human ge-
netics, penetic approaches o complex disease, pop-
ulation genctics, behavioral gencrics, regencrative
medicine, developmental genetics, and animal maodels
of human discase and development. Our Depart-
ment has a strong history in human genetics and re-
sources, such as the Utah Population D Base, that
are unigue in the world, These resources have ercated a
highly produdive and collaborative environment be
tween rescanchers, chimeans, and the commumty.

Creative scientists with a recond of achievement and
commitment o excelbnee in both research and teach-
ing are encouraged w apply. Successful candidates
will receive a substantal startup package and enjoy a
stimulating amd supportive rescarch environment.

Applicants should submit curmoulum vite, a sum-
mary of research plans, relevant reprints and for pre-
prints, and three lewers of reference to:

Dr. Mario R. Capecchi
Co-Chair, Department of Human Genetics
Howard Hughes Medical Institute
University of Utah School of Medicine
15 Morth 2030 East, Room 2130
Salt Lake City, UT B4112-5330

Application marerials, including leters of refer-
ence, should be submitted by November 9, 2007,

The Uliversiry of Ul és an Egral Opporteiry /A ffeenia-
tive Aceion Emnpilopen, enconrages somminaiions and apyplications

frown iesen @ed mreeonities, arsd providies wasonable aaoommno-

daion 1o the kuowen disalnbries of applicaees and engplopees

FACULTY POSITIONS in MOLECULAR,
CELLULAR, and DEVELOPMENTAL BIOLOGY
University of Michigan

The Department of Molecular, Cellular, and De-
velopmental Biology at the University of Michigan
soliats applications for faailty positions. We are open
to comsidering outstanding basic scientists in any area
of rescarch that fits with the nussion of the Depart
ment, but arcas thar will recerve particular emphasns
for hinng in the coming vear are (1) microbiology,
(2) animal physiclogy, and (3) plant biochemstry.
For further information abowt specific areas of in-
terest, please see our web page (website: http://
www.ntbcdb,lm.umidhcdu;. &

We anticipare hiring at the ASSISTANT PRO-
FESSOR level, but appointment at a more senior
level i possbie for applicants with suitable expenence,
Successful candidaes will be expected wo establish a
vigorous, extramurally funded rescarch program and
to be involved in instruction of both undergraduate
and graduate studenes,

To apply, candidates should send a cover letter,
curriculum vitae, copics of reprints, a brief summary
of recent research accomplshments, a statement of
future rescarch plans, and a statement of teaching
interests and philosophy. Senior candidates should
abso provide evidence of teaching excellence. Please
indicate in the cover letter which, if any, of the arcas
of emphasis vour research falls into. Candidawes for
appointment as an Assistant Professor should have
at least three letters of reference sent immediarely ro
the Department. All marerials should be sent o
Scarch Committee, Department of Molecular,
Cellular, and Developmental Biology, Universi-
ty of Michigan, 830 N. University Avenue, Ann
Adbor, ML 48L09-1048 or submitted via e-mail:
med b-search@umich.edu. To ensure full considera
ton, applicatons and letters of reference should be
received by October 12, 2007.

Fomen and misorities are encouraged o agply. The Ui
varsity of Michigan is suppartive of the needs of dial comer cogles
atund 65 an Bl Oypparnnivy /A ffimeaioe Amion B yer,
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FACULTY POSITIONS

VIRGINIA COMMONWEALTH
UNIVERSITY
Department of Chemistry

The Department of Chemisgry at Vinminia Com-
monwealth University invites applicatons for a tenure-
track position in physical chemusiry, to begin i fall
2008, contingent upon funding. Applications at the
ASSISTANT PROFESSOHR level are preferred but
any rank will be considered. The successtul candidare
will be expected w develop and maintain a funded,
nationally recognized rescarch program, and teach
undergraduate and graduate courses in general and
phsical chemistry, The candidate’s rescarch interests
will strengthen the Department’s current initiatives
in material science and chemical biology, All areas of
physical chemisiry wall be considered but candidages
with rescarch related to these areas (nanomatenals
and Sor biophvsical ) and wsing alirafast spectroscopy
would be of inerese. A Th.D. in chemistry & re-
quired, and postdoctoral experence » desirable.
Applicants should send curriculum vitae, a descrip-
von of proposed research, and estumated  startup
costs, and arrange for three leters of recommenda-
tion to be sent vo: Prof. MLS. El-Shall, Chair of
the Physical Scarch Committee, Department of
Chemistry, P.O. Box 842006, Virginia Common-
wealth University, Richmond, VA 23284-2006.
Review of applications will begin immediavely, §iginis
Comnrorealth University is an Egquel Oppormunity £Afir-
nvartere Action Emploper. Women, muroniies and persons eitl
disatvilities am enconraped foapply.

FACULTY and STAFF POSITION

University of Missouri, Columbia, Department of
Pivchological Sciences secks applications for several
positions related w our rew brain imaging center.
The MILLER FAMILY CHAIR in COGNITIVE
NEUROSCIENCE is open to Full Professors amd
advanced Associate Professors, or nonacademic
equivalents. We expect this endowed position to be
filked by a tenured faculty member, who wall have the
opportunity to direct the research-dedicated Brain
Imaging Center.

An addinonal POSITION in COGNITIVE/
AFFECTIVE NEUROSCIENCE 5 to be filled
at the terwred or tenure-track, ASSOCIATE or
ASSISTANT PROFESSOR level. We also are re-
cruiting an ME PHYSICIST (Engineers will also be
considered ) and an MR TECHNOLOGIST o be
filled as continuing, nontenure-track stafl’ positions.
Responsibilivies would include working with ficulty
o optimize the qualivy of MR imaging and research.

Send vour application to: Search Committee
Chair (naming the appropriate position ), Depart-
ment of Psychological Sciences, McAlester Hall,
University of Missouri, Columbia, MO 65211.
Electronic applications or enguiries can be sent o
De. Nelson Cowan (e-mail: cowann@hmissourt.

FACULTY POSITIONS

EXPERIMENTAL ATOMIC, MOLECULARK and
OPTICAL PHYSICS

The Physics Departnent, the James Franck
Institute, and the Enrco Fermi Instiome at the
University of Chicago invite applications for a
tenure-track faculty appomiment in the general arca
of experimental atomic, molecalar, and optcal
phyvsics (AMO). The appointment will start in the
fall of 2008. We encourage applications from
candidates with an outstanding record of research
mn areas such as wliracold atoms and molecules,
Precision measurenents, qUuantum opics, quantum
nformation, as well as ulirafase laser phlysics. The
successful candidawe must have a doctoral degree in
plivsics or related fields, and s expected w establish
an independent research program while effectively
comtributing w the Department’s undergraduate
and graduate weaching programs.

The appointment & expected to be at the AS-
SISTANT PROFESSOR level Appointment at
the level of ASSOCIATE PROFESSOR or FULL
PROFESSOR b possible for exceptionally well
quakfied candidawes. Applicants should send currc-
ulum wvitae, a list of publications, a brief research
statement, and arrangre to have at least three refer-
ence letters sent oo

Professor Hobert Wald, Chairman
Department of Physics, KIFI'C 201
The University of Chicago
5720 5. Ellis Avenue
Chicago, IL 60637

E-mail should be sent o Ms, Pat Plitt at e-mail:
pplitt@uchicago.edu.

edu; telephone: 573-882-4232) tor the Miller Char
prettion, Dirs. Steve Hackley (hadklevs@missoun.
edu; telephone: 573-882-3277) and Jeffrey
Fouder (rouderj@missouri.edu; telephone: 573-
BR4-4679) for the cognitive affective neumscicnce
position, or Dr. Steve Hackley ( i missoun.
5'1:'1!'; telephone: 5?3-832-32H= Eur the stafl
positions,

Applications should include a cover lemer deserib-
ing research and teaching imterests; curriculum vitae;
three to five representative reprints; amd letters or
contact information for three referees. Applications
will be evaluated beginning November 1, 2007, and
contimmng unbl the posibons are filled. Website:
hetp: / Spsychology.missouri.edu/

The Ulbvrersity of Misour docs par diseriminare o tlre
i of wace, eolor, religion, nadonal erigin, duoestry, sox, G,
aind disabiliry, stares o a disabed peremn or vereran of Ve
nam erd and i an Egual Opporanity S Afiomanive Astion
Empleyer.

Beview of applications will start in the fall of
2007, and will continue until the position is filled.
To ensure full consideration, applications should be
received no laer than Neowvember 1, 2007, The
Unrversity af Chaage a5 an BEgqual Opporeenrty, Affomatir
Action Employer

TENURE-TRACK POSITION in
CELL/ MOLECULAR BIOLOGY
University of Toledo

The Depantment of Biological Sciences at the Uni-
versity of Toledo is secking w fill a tenure-track
ASSISTANT PROFESSOR faculty position as part
of a major linng intiatve. Departmental rescarch
strengths include cellular immunology, cancer biol
opy, nematode molecular biology, molecular neuro
scrence, and plant biology, and other departments in
the College of Medidne on the nearby Health Science
Campus of the univeraty complenent these areas. The
new pogton will enhance exsting research srengrhs.
Facilities include 2 modem research complex with stae-
ofthe-art laboratories and outstanding insoromenea-
on centers with plans under way for a new science
buildime. Applicamts musst have a Ph.D. and post-
doctoral expenence. Successful candidares should have
or will be expected w develop an excernally funded re-
search program and will participate in undergraduate
and graduate instruction. The Department ofters the
B5., M5, and MDD, degrees. Addinonal informanon
s available on the departmental website: hitp:// www.
bioscences .utoledo. edu.

Salary and startup funds are competitive. Review
of applications will begin October 15, 2007, and
conunue until the position is filled. The staming dare
for this position will be August 2008, Inerested
candidates should send a lener of application, our-
riculum vitae, statements of weaching and research
interests, and arrange to have theee letters of recom-
mendagion sent to: Chair, Faculty Search Committee,
Department of Biological Sciences, M.S. 601,
University of Toledo, Toledo, OH 43606- 3390,
E-miail inguines may be directed o e-mail: john,
plenefischButoledo.edu or patricia.komuniecki®

utoledo.edu,

Chualified ceomen and sinorinis an oocoernaged to apyly. Tle

University of Tidedo i an Affiemarive Asion/Egeal Opposuniy
Exmgoyer Mot /Foanales /Pesons i Disaalines £V etenns.

WWW.SCIENCeCareers.ong




WASHINGTON STATE
@ UNIVERSITY

ASSISTANT/ASSOCIATE PROFESSOR
Pharmaceutical Sciences/Bioengineering/Nanomedicine

The Department of Pharmaceutical Sciences at Washington State
University in Pullman, WA (www.pharmacv.wsu.cdu/PharmScif)
invites applications for a full-time. 12-month tenure-track position at
the rank of Assistant or Associate Professor to begin Julv 1, 2008 or
earlier. Qualifications: Applicants must have @ eamed doctorate in
pharmacentical sciences, bioengineenng or a related discipline before
date of hire. Responsibilities: Candidates will be expected to: (a) teach
at both the professional and graduate levels; (b) develop and maintain
an extramurally funded research program; and (¢) share in service to
the Department, College and University. The successful candidate will
receive a competitive start-up package and will be expected to cstablish
an outstanding research program that will attract continued extramural
funding. Preference will be shown to those whose research aligns with
nanomedicing and delivery systems for drugs, genes, peptides, nucleic
acids, or viral delivery, The successful candidate should have excel-
lent communication and interpersonal skills, collegiality, and a strong
global perspective. He/she should demonstrate the ability to contribute
effectively in the department’s teaching missions at both professional
and graduate levels.

Screening of applicants will begin November 1, 2007, The application
must include a letter of interest; curriced e vitae; statements of research
godls and teaching interests; as well as the names, email addresses, and
contact infomuation for three references, Send applications to: Ms, Paula
Marley, Principal Assistant, Dept. of Pharmaceutical Sciences, Col-
lege of Pharmacy, Washington State University, Pullman, WA 99164
6534, bbriawsu.edu; Phone: (509) 335-5545; Fax: (309) 1355002,
Applications should be mailed or emailed as PDF documents.

ECVAAADA

JOHNS HOPKINS &

BLOOMBE R(J

== SCHOOL ¢ PUBLIC HEALTH

JCHINS HOPKINS
MALARIA BESFARCH
IssTTTUTE

STRUCTURAL BIOLOGIST
Johns Hopkins Malaria Research Institute
Department of Biochemistry and Molecular Biology
Department of Molecular Microbiology and Immunology

I'he Johns Hopking Malaria Research Institute and the Departments of
Biochemistry and Molecular Biology and Molecular Microbiology and
Immunology nvite applications for 2 tenure track faculty position i the area
of structural lology. Preference will be given o candidates at the assistant
professor level, but candidates at more senior levels wall be considered. We
particilarly seek applicants whose mescarch emplovs x-ray crvstallographic
and biophysical approaches o address fundamental questions in microbiol-
“E-:l‘l ur 1|'|'|I!!t!|'|l]|l.!g}'.

Extensive core facilities are available, including a biophysics faciliny with
equipment for crystallography, calorimetry and spectroscopy. A competitive
start-up package, salary and benefits wall be provided. Individuaks wall be
expecied 1o develop independent research programs within an interactive
environment of investigators intercsted in the pathogenesis of viml, bacie-
nal and parasine discases and the biochemmstry and molecular biology of
fisndamental cellular processes, Opportunitics exist for interaction with the
vibrant Johns Hopkins biophysical rescanch community and graduate train-
ing programs. Appheants must have a PhDY, MD, or equivalent degree and
approprigte post-doctoral experience.

Review of apphcations will begin November 1, 2007 and will contimue until
the position is filled. Appheants should provide cumiculum vitae, descnption
of research interesis and three letiers of relerence 1o: Susan Booker, JHMRI
Coordinator, Johns Hopkins Bloomberg School of Public Health, Room
E5132, 615 North Wolfe 5t, Baltimore, MDD, 21205; ¥V, 410-502-3377; K.
A10-955-0105; sbookerf@jhsphedu. For mivrmation on JHMRI, BMB and
MM Faculty and research programs, please visit www.jhsph.edu,
The Jofms Hopking Universite oo ively encosrages miferest from women and minori-
tirs and is ar Affirmative Action’Egeal Opperiity Employer

Weill Cornell Medical College in Qatar

FACULTY POSITIONS

In a pioneerng international initiative, Cornell University
established the Weill Cormell Medical College in Qatar
(WCMC-Q) through a unique partnership with the Qatar
Foundation for Education, Science and Community
Development. Located in Doha, Qatar and in its sixth year of
operation, Weill Cornell Medical College in Qatar seeks
candidates for faculty positions to teach in Doha in:

PHYSIOLOGY

Following a two-year Pre-medical Program, the inaugural
class is in the final year of the traditional fouryear education
program leading to the Cormell University M.D. degree which
they will receive in May 2008. The medical program at
WCMC-Q replicates the admission standards and the
innovative problerm-based curriculumn that includes, among
other things, integrated, mutidisciplinary basic science
courses that are the hallmark of Weill Cornell Medical
College in Mew York.

Faculty, based in Doha, will be expected to teach their
specialty and to contribute to the academic life of the
Medical College. This unigue program provides the
successful applicant with the opportunity to leave his/her
rark on a pioneering venture. A state of the art research
program, to be housed in WCMGC-Q and focused on
genetics and molecular medicine and women and children’s
healih will be initiated Fall 2007. In addition to fulfilling their
primary obligation of teaching, selected candidates will have
the opportunity to participate in existing research projects.
Opporiunities to apply for research funding on a competitive
basis will be available in Qatar. Teaching and research
facilities are situated within a brand new building designed
to Cornell specifications and located in Education City in
Doha amongst other American universities.

All faculty members at WCMC-Q are appointed by the
academic departments at Weill Cornell Medical College in
Mew York.

Further details regarding the WCMC-Q program and
facilities can be accessed at:

www.gatar-med.cornell.edu

Candidates should have a M.D., Ph.D., or M.D./Ph.D, or
equivalent termina degree. The successful candidate will have
strong teaching credentials and expenance in teaching
medical students. Salary is commensurate with training and
experience and s accompanied by an attractive foreign-
service benefits package. Qualified applicants should submit
a letter of interest outlining their teaching and research
experience and cumiculum vitae to:

facultyrecruit@qatar-med.cornell.edu

*Please quote Faculty Search #07-007-sci
on all cormespondence

Cornall University is an equal opportunity,
affirmative action educator and employer.

The screaning of applications will begin mmediately and
continue until swtable candidates are identified.
Please nofe, due to the high volume of applications,
only short-listed candidates will be contacted.,

online @sciencecareers.org
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POSITIONS

FACULTY

TENURE-TRACK IMMUNOLOGY
FACULTY POSITION

The Department of Cell Biologe, Neurabiology,
and Anatomy at Lovola University Chicago Medical
Center, Seriteh School of Medicine, is reeruiting a
tenure-track IMMUNOLOGIST. Iivestigators who
focus on mechansns poverning the agng of the
immune svstem are strongly encouraged w apply;
however, other aspects of immune funcion wall also
be considered. Exsting strengths in the Department
include: T and B cell development in aging; effector
functions of T helper cells in newronal repair; inflo-
ence of deohol, age, and gender on inmate immunity;
roles of chemokines and ovtokines in the develop-

ment and management of chronic pain; and roles of

hormones and alcobol in the development and func-
ton of cells of the nervous system. Lovala University
Medical Cenrer supports basic and vranslational re-
search by providing state- of the-art cquipment and
core facilivies including fluorscence acavated cell
socter, imagng, molecular, statisties, and  ammal
care. Numerous opportunitics exast for collabora

tions not only within the Department but abo with
climicians and facufty members in the Inerdisapli

nary Bescarch Insotuies and Programs: Newrosaence,
Shock Trauma, Infectious Disease and Immunology,
Alcohol Research, and Immunology and Aging. Po-
tential candidares are expected to establish an inde-
pendent, extramurally funded research program and
to participate in teaching medical and graduate stu-
dents, Appointments are for 12 months with a com-
petitive stantup package and laboratory space; rank
will be commensurate with qualifications. Applicants
should provide curriculum vitae, a statement of re

search interests, and have three letters of support
submitted dircedy to the Chair. These matcnals
should be sent via e-mail: pwitte@lumc.edu and by
post to: Pamela Witte, I"h.E., Department of Cell
Biology, Newrobiology and Anatomy, Loyola
University Stritch School of Medicine, 2160 5.
First Avenue, Maywood, IL 60153, For more in-
formation, visit our website: htop:/ Swww. luhs,

FACULTY POSITIONS

N<
HEALTH

ESNCIEMNCE
LINIVERHTY
OREGON HEALTH & SCIENCES

UNIVERSITY
The Oregon Health & Soences University
(OHSUY Department of Behavioral Newroscience
invites applications for a TENURE-TRACK JUN-
IOR FACULTY POSITION. We seck an outstand-
ing applicant with a Ph.D. or eguivalent degree,
postdoctoral experience, and a strong publication
recond. Evidence of extramural rescarch funding is
desiralle. The position is not limited in arca of
expertise; however, special comsideration will be given
o individuals with interests in the area of aleohol
and drug abuse. Individuals with expertise in any
arca of genomics, inchiding human genetics, are
espectally encouraged to apply. The svcecsful appli-
cant must be ¢ US. ctizen or permament vesident,
OHSU places a high prionty on cultural diversicy;
thus, we seck candidares with a demonstrated sen
sitivity tor and understanding of the diverse academ-
ic, socioecconomic, cultural, disabled and ethnic
backgrounds of OHSLUs students and Ll'l'l[!h:}'l.':ﬂ
The salary and startup packape is very competitive,
The review of 1|'41|||..11|n|1.'. will begin in Seprember
2007, The position will remain open unul filled.
Send cover letter, curriculum vitae, statement of
research interests, and contact information for
three references wo: Bebecca Salzer (c-mail: salzerr@
ohsu.edu), Department Administrator, Orcgon
Health & Science University, De t of Be-
havioral Neuroscience, L-470, 3181 5.W. Sam
Jackson Park Road, Portland, OR 97239-3098.

Website: hitp: /S www.ohsu.edu/behneuro /.

OHSLT is an Afimeatioe Adion, Egual Oppormaity Em-
Ployer. Wamen, mronins, disalond persouns, Fretant erd aind
disabled poterans am osuconraged 1ooapply. OHSLT i o sweoke.

Jree wworkplise.

org/depts /cbna /mainpage2 htm, Review of ap-
phications will begin November 15, 2007,

The Loyala Uiversity of Chicage Strvdy Sclioal of Mred-
ictee i an Affimatives Bgual Oppartundty Employer asd -
conrges applivations from eromoy and amimorities,

TENURE-TRACK BIOCHEMIST, Hamilton
College, invites applications for a tenure-track posi-
ton in bochemstry beginning July 2008, An onery
lewvel .Ipp(rinln'u.. nt i targeted, but appointment of a
senicr scholar is possible. PhD). and postdoctoral or
equivalent expenence required.

Applicants must be committed o undergraduate
education with interest in teaching an mcreasangly
diverse student population and demonstrate excel-
lence, or the potential for excellence, in teaching and
rescarch with undergradvates. Primary teaching
responsibilities will be in biological chemisiry with
additional responsibilivics in imtroductory chemstry,
research methods, and other courses in the can-
didate’s arcas of expertise. The suceessful candidae
will be expected to guide student research during
the summer and advise the required Senior Project
dunng the academic vear. Excellent startup support
will be prowided. You will join a group of committed
teacher Acholars who nsist on excellence mn teaching
and have a passion for educating smdents through
one-on-one mentorng of research, We work in a
supporive collegal environment with superb admin-
istrative support in a new state-of-the-art facilivy,

Further information abour Hamilvon and the De-

artmment can be found o website: hrep: /S www.chem,

amilton. edu. Please send curriculum vitae, under-
ﬁl‘:‘l‘.'lh‘lll.‘ 1'Il'|l.i grmll.mw “-‘:II:I-‘K.'I'IEI‘I:“. statements de-
senbing teaching interests and rescarch plans, and
arrange for three letters of recommendation to be
sent by Ocwober 12, 2007, to: Karen 8. Brewer,
Chair, Department of Chemistry, Hamilton Col-
lege, 198 College Hill Road, Clinton, NY 13323,
Hamilon College is an Equal Opparsunivy, cAffirmsarioe Aion
Employer and is commritned o diseesivy in all areas of the com-
pis commiity. Hanilton peosides domestic parmer benefics.
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EVOLUTIONARY DEVELOPMENTAL
BIOLOGIST
Bryn Mawr College

The Department of Biology invites .1|1|:ﬂi|. 111':1115
for a tenure-track position in evolutionary develop
mental bology at the rank of ASSISTANT PR
FESSOR, beginning August 2008, We seck as a
collcague someone who will thrive in an emaronment
that combines teaching and rescarch. The success
ful candidate s expected to teach at all levels of the
curriculum and establish an externally funded re
search program that provides rigorous collaborative
research projects for underpraduates. Individuals who
study amimal and for plant development model sys-
tems with a strong evolutionary context are encour-
aged o apply, A Doctorate and at least one vear of
postdoctoral experience are required,

Please send a lewwer of application, currculum vitae,
a description of research plans that addresses the role
of undergraduates in vour rescarch, and a statement
of weaching philosophy that includes arcas of wach-
ing interests, and arrange for three letters of recom-
mendation to be sent by September 21, 2007, two:
Chair, Biology Search, Department of Biology,
Bryn Mawr College, 101 N. Merion Avenue,
Bryn Mawr, PA 19010-2899. | No electronic sub
missions, please. )

Located in suburban Philadelphia, Brvn Mawre
College & a highly selective liberal arts college for
women who share an inense intellectual commit-
ment, 2 self-directed and purposeful vision of their
lives, and a desire to make meaningful contrbutions
o the wordd, Bryn Mawr comprises an undergraduate
college with 1 200 stdenes, as well as coeducational
graduate schools in some humanities, sciences, and
social work. The College supports faculty exeellence
in both teaching and rescarch, and participates in
consortial programs with the University of Penn
sylvania, and Haverford and Swarthmore Colleges.
Bryn Manr Colloge 15 an Equal Qppormicy, Affiemarioe
At Employer. Minosity candidates aind orowen are espe-
ctadly encosrraged o apply.

FACULTY POSITIONS
INORGANIC CHEMISTRY
COLLEGE of NATURAL SCIENCES and
MATHEMATICS
Department of Chemistry and Biochemistry
California State University, Fullerton

The Department of Chemistry and Biochenmstry at
California State University, Fullerton, invites applica
tions for a tenure-track position in inorganc chem
siry, preferably at the ASSISTANT PROFESSOR
level, to begin in Augost 2008, A willingness to en-
gage in collaborative research anui,r"ur interdisc-
plimary research in related fields is desirable. The
successful applicant must have a Ph.I}. in chemistry,
beochemisiry, or a relared ficld. Postdocroral o com-
parable research experience is strongly preferred. Appli-
cants must bave the potential to develop a vigomus
rescarch program involving undergraduate and grad-
uate students that atracts extermal funding and leads
to referced publications. Research interests in all areas
of morznie chemistry will be considered. The suc-
cessful candidare must be committed ro excellence in
teaching. Primary teadhing responsibilities will be in
the core lecture and laboratory coures for inorganic
chemistry and related counses i other chemisory dis-
aplines, at the undergraduate and graduare levels.

Information aboutr the University and  Depart-
ment as well as full information on the advertsed
position is available online ar websites: htip:
chemsrvr2 fullerton.edu/ DeptWebsite /directory.
Teml and hetp: 7 /divesity Fulleroncedu /7 Appli-
cants should send Rard copies of [a} a cover lener
explaining how they meet I.llr. qualifications outlined
above, (b detadled curriculum vitae, (€} a statement
of weaching philosophy, (d) a statement of research
plans and goals, and () copies of representanve pulb-
Icarioms. They must also arrange to have sent spned
letters of recommendation from three references fa
miliar with ther teaching and research potential.
Please send these documents to: Chair, Inorganic
Chemisory Search Committee, ¢ /o Nathalie Allen,
Department of Chemistry and Biochemistry, Cal-
ifornia State University, Fullerton, P.0. Box
6866, Fullerton, CA 9283468606, Review of
applications will begin October 1, 2007, and will
continue untl the position is filled, CSUF & an Egual
Enghopnrent Opportunity STtk IXS 5037504 /VEVRA S
ADRA Ewmytoyer, Womenw amd mifeority cimdidates ame puarficu-
larly enconraged to apply.

TENURE-TRACEK FACULTY POSITIONS

The Department of Biochemistry and Moleoular
Biology at the Uniformed Services University of the
Health Sciences in Bethesda, Marvland, is recruiting
one or more fwulty members W tenure-track pao-
siticns at the ASSISTANT or ASSOCIATE PRO-
FESSOR level. Candidates are expected w develop
independent, externally funded research programs,
and senior-level .Ephnnu will have established such
programs. Individuals working in any area of mo-
lecular biology or biochemistry will be considered,
and applications from individuals using molecular
muodeling, bioinformatics, or structural methods to
address biologically important problems are espe-
aally encouraged. All faculty participate in the train-
ing of graduate and medical smdents, Information
about our Department, including descriptions of our
]'u's,'u.m research programs, can be found at website:

i/ bio.usuhs.mil, Further questions can be ad-
[ d 1o e-mail: biofacultyscarchBusuhs.mil. Ap-
Micants should submit curiealum vitae including a
deseription of rescarch interests to:

Faculty Search Committee
Department of Biochemistry and Molecular
Biology
Uniformed Services University of the
Health Sciences
4301 Jones Bridge Road
Bethesda, MD 20814

and should arrange for letters of recommendation to
be sent. Review of applications will begin on Mo
vember 1, 2007, Preference will be given to ULS. atizens
and persmanent residents. USTUHS & an Equal Opportaeity

Exnprayer.

WWW.SCIENCeCareers.ong




FACULTY POSITION
CENTER FOR MICROBIAL PATHOGENESIS

Ihe CENTER FOR MICROBIAL PATHOGENESIS st Columbus Children’s
Research Institute, Columbus Children’s Hospital, and the Department of
Pediatrics, College of Medicine, The Ohio Stte University seek PhD, MD,
or MDVPh D candidates for a tenure-track position atthe Assistant or Associ-
ate Professor rank to develop and conduct an independent research program
in the fields of cellular and molecular microbiology as well as innate and
acguired immunity. One ares of specific emphasis is the study of bacterial
pathopens ceusing disease in the pasirointestingl met. Research space s
available within the Columbus Children’s Research Instiute. This recruit-
ment is part of a larger multi-vear planned expansion of research initiatives
by the institwtion and includes the 2004 completion of a | 60000-square-
foot five-story research building that houses 48 state-of-the-an liboratory
mirdules. Additional reseanch space is slated o open in 2008, The Instiute
15 equipped with leading-edee assels o faciliae collaboration and success,
including animal facilities in addition to DNA sequencing, flow oy iometry,
informatics, histopathology, transgenic, micmarray, B3 cell, and transgenic
cores, Joint appointments within graduate departments of The Ohio Sate
Ulniversity are available.

For more information, please visit our website ai www.ecri.net.

Adddress correspondence with three references and curmiculum vitae to:
Lauren 0. Bakaletz, Ph.D.
Director, Center for Microbial Pathogenesis
Columbus Children’s Research Institute
T Children s Drive, Rm. W91
Columbus, OH 43205
Phone: (614) 722-2915 FAX: (614) 722-2818
E-mail: bakaletlis cori.net
The (o Srate Universine is an Equal Opportening
Affirmative Action Emplover Qualiffed women, minorities,
Fietmam-era veterans, disabled veterans, and the disabled

T o E are encouraged fo appl COLUMBUS
OHIO QW
SIATE

RESEARCH INSTITUTE
LESIVEESATY ey e Bsa | ¥ i et Mgy i

2605 yarolinska
Z_? g: 7 Inst?tutet

PROFESSOR IN INFECTIOUS
EPIDEMIOLOGY

Karalinska Institutet invites applications for a
position as professor in Infectious Epidemiology.

For further details please contact Professor
Hans-Gustaf Ljunggren, phone: +46 8 585 896
84, email: Hans-Gustaf.Ljunggren@ki.se or
the SACO union representative Michael Fored,
phone: +46 8 517 791 81, email:
Michael.Fored @ki.se

Please state your qualifications in accordance
with the Karolinska Institutet qualification portfolio
available on the Web page http:/finfo.ki.se

Deadline for applications is October 10, 2007.
Reference no 1368/ 07-221, Registrar,
Karolinska Institutet, SE-171 77 Stockholm,
Sweden.

For the entire advertisement please look at http/
/jobb.ki.se/internal/general/starteng.asp
E-mail: Registrator@ki.se

i MICROBIAL

PATHOGENESIS

FACULTY POSITIONS — OPEN RANK

CENTER FOR MOLECULAR AND
TRANSLATIONAL HUMAN
INFECTIOUS DISEASE RESEARCH
THE METHODIST HOSPITAL
RESEARCH INSTITUTE
The Methodist Hospital Research Institute (TMHRI) at
The Methodist Hospital (TMH) in Houston, Texas, seeks
several exceptional scientists studying the molecular basis of

microbial pathogenesis. We are especially interested in senior
investigators with established research programs.

The Methodist Hospital System consists of 1,450 beds,
including 950 located in the Texas Medical Center in
Houston. Collaborative opportunities are available with our
partners at Weill Cornell College of Medicine and MNew York-
Presbyterian Hospital in Mew York City, the University of
Houston, and other local institutions.,

The Hospital has entered an unprecedented expansion
phase that includes building a 420,000-square-foot state-of-
the-art research building with bio-containment and animal
facilities, and a 750,000-square-foot ambulatory care
building, both designed to foster interdisciplinary
collaborative research.

Candidates using new or proven technologies to study
molecular events occurring at the host-pathogen interface
are preferred, but all outstanding investigators are
encouraged to apply. Successful applicants will be
rasponsible for establishing or expanding nationally
recognized, externally funded research programs.

Applicants must have an advanced degree (PhD, DVM, MD,
or MD/PhD). Successful applicants will receive an
outstanding recruitment package. Interested individuals
should send via e-mail, by October 15, 2007, a curriculum
vitae; description of research interests, future directions, and
grant funding information; and the names of
at least three references to:

James M. Musser, M.D., Ph.D.
c/o Ms. Irene Harrison
E-mail: iaharrison@tmhs.org
Co-Director and Executive Vice President,
The Methodist Hospital Research Institute
6565 Fannin St., Mail Stop B490
Houston, TX 77030

Meth@list The Methodist Hospital
EE=———— Resecarch Institute

Houston, TX
LEADING MEDICINE™
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FACULTY POSITIONS

NEUROQSCIENCE FACULTY POSITIONS
Western Washington University
Department of Psychology

The Department of Psychology ar Western Wash-
ington University (WWU ) s secking candidates for
two tenure-track ASSISTANT PROFESSOR
positions w behavioral neuroscience to begin Sep
tember 16, 2008, These, together with a thied pos
tion in the Department of Biology (also advertised in
this issue), are part of a state-funded initative to
enhance a new Behaioral Newrosciences program at
WWLUL The Psvchology Department is seeking facul-
v with expertse in molecular neuroscience or systems
neuroanatomy who are working in areas of behavioral
neuroscience broadly defined to include perception,
amention, kaming and memory, and executive func-
tion, Successul candidates will be required to maintain
an aaive research program involving undergraduate
and M5, graduare students. Successful candidates will
be expected to wach undergraduate and graduate nea
rescience courses. Addinonal wachmg may include
courses in rescarch methods and statstics. Applicants
must have a Ph.D). and postdoctoral expenence in
newroscience or a related field, an active rescarch
program, evidence of an ability to iwvolve students in
research, a publication record commensorate with ex-
perience, and evidence of successful teaching, Expe-
ricnce working with diverse stdents and faculoy is
desired. To apply, send a hard copy of vour curricu-
lum vitae, statements of teaching and rescarch inter-
ests, representative publications, evidence of skill as a
teacher, and three levters of recommendation w the:
MNeuroscience Scarch Committee, Depantment of
Psychology, Western Washington University, 516
High Serect, Bellingham, WA 98225-9089. He
view of applications will begin November 1, 2007.
Applications will be accepred and reviewed until the
position is filled. For additional details see website:
hitep: / Swwewacadwebsvwaneduhe, A Ao/

Egnal Oppormimity Emplayer.

ASSISTANT PROFESSOR
Marine Invertebrate Zoology /Benthic BEcology

The Marine Science Program and the Departnment
of Biological Sciences at the University of South
Carolina invite applications for a nme-month aca
demic vear, tenure-track, Assistant Professor pos
ton as pamary marine science faculte. A Phold is
required prior to appointment. Postdoctoral expen-
ence is essential. The Manne Saence Program con
sists of 40 faculty from such Depariments as
Biology, Geology, and Chemistry. We are looking
for an individual with outstanding research and
teaching capabilities to complement existing pro-
grams in physical, chemical, biological and geolog-
ical oceanography.

We seck an individual who will contribute o our
sirengths in estuarine and coastal ocean processes,
Our primary area of interest is marine benthic
ceology, but we will consider applicants in the arcas
of zooplankton ecology, invertebrare  phvsiolosy,
and organismy/environment interactions. The suc
cessful candidate will teach courses on manne or-
ganisms and invertebrate zoolopy and develop an
externally funded research program. Applicatons
must include curriculum vitae, statement of research
and teaching interests and goaks, and ar least three
references,

Send information to: Chair, Marine Invertebrate
Zoology /Benthic Ecology Search Committee,
Department of Biological Sciences, University of
South Carolina, Columbia, SC 29208, Applica-
tions should be submitted by December 1, 2007,
For more intormation about the Marine Science
Program and the Department of Biological Sciences
visit websites: http:/Swww.msciscedu and heep: £/
www.biolscedu, The Uiesity of Sl Camling 5 an
Affwnnarive Acow, Egqoal Opparmnity Employer. Fonen
aturd prnodnes ane ooconraged o apply.
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FACULTY POSITIONS

) Horida nstitute of Technology

ECOLOGIST
Florida Institute of Technology

The Depariment of Biological Sciences ar the
Florida Institute of Technology seeks an individual
with significant academic accomplishments in ecolo
ev. Successful candidares must have a Ph.D. degree
in a biological sdence, demonstrated exscellence in
research and reaching, and an extramurally funded
research program. The area of ecological specializa-
tiom of the candidate is open, as is the rank of ap-
pointment. The successful candidate will be expecred
to teach underpraduare and graduare courses (towand
M5 and Ph.DD. degrees) in coodogy, For more infor-
mation please visit website: hop:/ Swww. fie edu /
biology. Applicants should send a leter of applica-
von, curriculum vitae, and threee letters of recom-
mendation o e-mail: rvw@fitedu, Alternatively,
materials may be sent oz

Ecologist Search Committee Chair
(E. van Woesik)
Department of Biological Sciences
Florida Institute of Technology
L50 W. University Boulevard
Melbourne, FL 32901 U.S A,

Review of applications will begin November 1,
2007 the position will commence on August 4,
2008, Horida fusiinete of Teclueobogy & an Equal Cpporta-
wity/Afimmative Acion Emploper. Women and minoitics ane
encoged fo apply.

ASSISTANT PROFESSOR
Fungal Evolution, Ecology and /or Systematics

The Deparvment of Ecology and Evoluticnary Bi-
ology ar the University of Tennesee (LUT), Kneeoville,
secks to fill a venune-track position in evolution, ecol-
ogy and for svstematics of fungn ar the Assstant
Professor level, to start Auguse 1, 2008, Arcas of' in-
terest include fungal evelutonary and for ecological
patterns and processes. Teaching duties will include
participation in both undergraduate and graduate
courses with opportunity for development of a course
in mycotogy. This position includes supervision and
continued development of the excellent UT fungal
herbarium. An camed Ph.D. and referced publica-
tions in a relevant field are required. For more in-
formation visit the Department website: h%:éé
ceb bio.utk edu and the herbanum website: 1
tenn. bio.uthcedu /fungus Fungus.heml. Candidares
should apply to: Dr.
Eeology and Evolutionary Biology,
Hall, University of Tennesce, Knoxville, TN
37996, Applicants should send curricuhim  viae,
statements of research and waching expenence amd
goals, and arrange for three reference lerters to be
submitted. Applicanons will be reviewed beginning
8 October 2007, and will continue until the position
is filled.

The University of Temesee & an Egual Employment
Oppormaity LAffonariee Aoion Tide VL Tirke X Seerion
SO A S ADEA Inseivastion i dlre prosigion of it cducarian
and oemploymen prograne ded serviees. AN gralifind applcans
will moetae el constderion for enplopurent wsthonr rogend 1o
race, dokes, enatisnal ongnn, roigion, e, profdncy, antal st
sexval orfertarion, age, plipsical or el dizalelicg, o coverad
VTP SN

The Department of Biological Scicnces ar Salis-
bury University (SU7) is accepting applications for
two tenure-track positions at the rank of ASSIST-
ANT PROFE RB; one in the arca of molecular,/
cell biology and the other in entomology /zeneral
eonlogy. Starting date for both positions is fall 2008,
A I'hD evidence of potential for excellence in
teaching and rescarch wall be required. For further

infimmation please see the SU website: hﬁ éEw’w
salisbury.edu hr Jobs /defaultaspias - ty.

FACULTY POSITIONS
FACULTY POSITIONS
Rice University
Biochemistry and Cell Biology
Website: http:/ /www.rice.edu/

Applications are invited for anticipated open-
rank faculty positions in broad arcas of biologieal
research, with partcular emphasis i cell and devel
opmental bicdogy of model organisms, systems
biology, and molecular evolution. Applicants wsing
expenmental and,for theoretical biological approaches
that are interdisciplinary with chemstry, physics, en-
pmeering, and computatonal methods are enoouraged
o apply. Candidates must have a PhoD., postdoc-
wiral training, and outstanding poremial in research
and teaching. Successful candidates are expected o
develop and muaintain a vigorouws rescarch program
supported by extramural funding and participate
in graduare and undergraduate educavion, Review
of applications will commence November 1, 2007,
and continue until the posinons are filled. Please
send letter of appheation, curmculum vitae, summary
of past rescarch, and statement of future rescarch
plans, and arrange for four letters of reference to be
sent

Dr. J. Braam, Chair
Biochemistry and Cell Biology, MS140
Rice University
0. Box L1892
Houston, TX 77251- 1892
Rive Ulniversity & an Epual Oyt A Freeammee Aleron
Englogen, woinen did wiioary canddates e specally oo
agel to applye

PROKARYOTLC MICROBIOLOGIST

Tenure-track ASSISTANT PROFESSOR, be-
gnning August 2008, Teach microbiology and spe-
aaley eourses, develop an active research program
involving undergraduate and M 5. students, and seek
extemal funding (see website: hitp: /Swwwvillanova,
edu Sartsci /biol ogy,/micro,/” for more information ).
PhDd. and posudodoral experience requined. Submit
aurmiculum vitae, research plans, statement of waching
phibosophy, and official wndergraduate and  praduate
transcriprs, and have three lemes of recommendarions
sk, e Chair, Microbiologist Search Committee,

ent of Biology, Villanova University, Vil-
lamowva, PA L9085, Comsideration of applications be-
s 15 October 2007, Villinova i a Roman Catholic
university sponsored by the Augustinian onder, Affim-
tiow Adivn/Egual Emphvyoron Oppoctieicy onployer,  Fillanoea
sovkes a diveese famlty owenited o0 sdrolaslip,  serdee, and
esperialy teaching. e sede axloamies 1wl indestand, espece, and
awtebnte to e Dniversity”s mision and swbis. IVe ausiider
feersity o be essontial for advanding o Depamnen’s eduaationa!
gl

ASSISTANT PROFESSOR

The University of Chicago

Department of Chemistry
The Department of Chemistry of the University
of Chicagn ivites applications from  outstanding
individuals for the position of Assistant Professor of
Chemistry. This search s in the areas broadly de-
fined as inorganic, organic, and physical chemistry.
Applications must include curmoulum vicae, a list of
publications, and a succinct outline of rescarch plans,
and be suppored by three letters of recommenda-
tiowt. Submiet materials by mail addeessed, as appro-
priate, to: Inorganic Scarch Committee, Organic
Committee, or Physical Scarch Committes,
rtment of Chemistry, Office of the Chairman
(Ghj 222), The University of Chicago, 5735 S.
Ellis Avenue, Chicago, 1L 60637, Heview of
completed applications will begin Oetober 1, 2007;
w ensure full consideranion, all material should be
submitted by thar dave. Umiversity of Cliooge 5 an

Affresnaarioe Action /Eqal Opypovmnsiny Emploger.

WWW.SCIENCeCareers.ong




ASSISTANT PROFESSOR
DEPARTMENT OF GENETICS
HARVARD MEDICAL SCHOOL

The Department of Genetics invites applicants for the tenure-
track position of Assistant Professor. We are searching for
individuals with a strong potential for imaginative rescarch in
any arca of modern genetic or genomic analysis. This position
offers significant scholarly and scientific resources as well as
the opportunity to teach graduate and medical students.

For further information about our Department, please sce

our Web Page:
hitp:/fgenetics.med. harvard.edu

Applicants should submit electronic copics of curriculum
vitae, bibliography, a brief description of research accom-
plishments and future rescarch interests (limit to 500 words)
by October 31, 2007, and ask three references to provide
letters of recommendation. These materials should be sent
to the following email address:
faculty_search(@genetics.med.harvard.edu

Harvard University is an Equal Opportunity/Affirmative
Action Emplover and encourages the applications
of qualified women and minorities,

Huntsman Cancer Institute
University of Utah

Huntsman Caneer Institute and academic departments at the University
oof Urah are recruinng tenure-teack soientises o establish laborawory-based
programs in cancer mechanisms, wmongenesis models, and translnonal
rescarch. Mechanism topics maght include cancer genctics, signal trans

duction, cell prowth and death, |.|.'n'4.'lll|'rrth'nl:|| mechanisms, regulanon
of gene expression, DNA repair, and oncogene/tumor suppressor funie-
tinre Translanonal research topics might include molecular dinpnesties,
chemoprevention, and tumor models Candidates may hokd MD, PR,
or MDY/ PhD) degrees; assistant or associre professor rank is mose desr-
able, but senior-level appointments will be considered. Candidates will
complement these areax of interest and srength: melanoma (cancer
Eenctics, apopioses fepulation, meland ot [arabi Y, chemi WEreventon, and
drug development); pastrointestinal {(APC /fwnrt sipnaling, cancer penencs,
and colon amd pancreatic cancer models); pediatne (sarcoma, leubznua,
and neuro-oncology); gyncoslogical; and thorace cancers. Appoiniments
will be nade in appropriate L!q'l.'n'tmrnu, including Oncological Scicnces,
Pediatnes, Dermatology, Obstetnos & Gynecology, and Surgeny

Huntsman Cancer Insumre 5 an NCldesignaed cancer center with
shared resources that support imaging, molecular, and biochemical
analyses as well as genetics rescarch in human populasons and model
systems. Lleah gencalopical records bnked to SEER eancer regisery data
and Ulniversity of Uth Hospical medical records provide a unique research

resource. Visie www.hunsmancancer.ong and  www.hsc.utah.edu

for more informaton.

Submit a curniculum virme and a descopuon of research interests and
accomplhishments with three letters of recommendation by November
I, 2007 Hunsman Cancer Institute, University of Umh, Atin:
Recruitment Office, 2000 Circle of Hope, Salt Lake Ciry, UT 84112-
5550 or c-mal heirecruitment(@ heiatah.edu. (Applhcanons acoepued
untll positons illed.) Fgwal Oppertvmty [ Affiemative Action eagpdoyers. Weoarn,
mesneties, and mfenatona! condidites envonniged b appiy.

Department of Communication
College of Agriculture and Life Sciences

Located in Ithaca, N.Y., Cornell University is a bold, innovative,
inclusive and dynamic teaching and research universite where
staff, faculty, and stdents alike are challenged o make an
enduring contribution to the betterment of humanity.

The Department of Communication ai Cornell University invites
applicants for two tenure track, open rank professorial Faculty
positions appointment starting July 1, 2008, Al least one of the
positions will be filled m the rank of Assistant Professor,. We
encourage gualified applicants of any rank to apply for either
position,

SCIENCE, ENVIROMMENT, AND/OR RISK COMMUNICATION: We
seek a colleague to conduct research and teach in the area of
science, environment, andior health-risk communication. We
welcome innovative and imaginative scholars who approach the
study of science, environment, and/or health-risk communication
from pﬁ}ruhu]ugiu:nl. sociological, or instwtional vanage points
using qualitative or guantitative methods,  The science,
environment, and risk area constitutes one of the Department's core
strengths; applicants whose work contributes (o other core
strengths in communication and information technology and in
media studies are particularly encouraged o apply. All materials
should be sent o Dr. Bruce Lewenstein, Department of
Communication, 321 Kennedy Hall, Cornell University, [thaca,
NY 14853, For additional information, e-mail Dr. Lewenstein
{blewenstein @ cornelledu) or telephone 607.255.8310.

COMMUNICATION AND INFORMATION TECHNOLDGY: We seck a
colleague 1o conduct rescarch and to teach in the area of
Communication and Information Technology. with an emphasis in
one or more of the following: 1) Human-Computer Interaction, 2)
Computer-Mediated Communication, 3) I'T in organizations, and 4)
Technology and Society. The communication and information
technology area constitutes one of the Department’s core strengths:
applicants whose work contributes w0 other core strengths in media
siudies and in science, envirommen! and risk are particularly
encouraged o apply. All materials should be sent 1o Dr. Jell
Hancock, Department of Communication, 320 Kennedy Hall,
Cornell University, Ithaca, NY 14853, For additional
information, e-mail Dr. Hancock (jth3d@cornelledu) or
telephone 607.255.4452,

Suceessful candidates for either position will have a Ph.D. in
Communication or closely aligned field and have (or show promise
of developing) a national and intemational reputation doing theory-
based empirical rescarch, We seek innovative scholars of social
science who will develop a researc h‘rmgmm connected o college
and universily priorities in applied social science, information
science, the new life sciences, environmental issues, and/or public
outreach. In the Department of Communication we focus on a
number of  subficlds  including  social  psychology  of
communication: language and communication: science, nsk,
environment, and health communication;  human-computer
interaction; media communication and sociely: and organizational
communication. Both positions will invoelve 50% research and 50%
teaching responsibilities: publishing in peer-reviewed literature in
relevant fields is expected. In addition, successful candidates are
expected to secure external research funding. Communication
faculty teach two 1o three undergraduate andfor graduate courses
per academic year, and advise students in the Depantment's B.S.,
M.5., and Ph.D. programs,

Comell offers a highly competitive salary and benefits package.
Support for start-up research costs will be available. Women and
minorities are especially encouraged o apply. Applications will be
reviewed beginming October 15, 2007 until candidates are selected,
For more information about the Department of Communication,
please visit our website: http:fwww.comm.cornelledu,
Application: Send letter of application addressing position
qualifications and goals, vita, official academic ranscripts, writing
sample, names and contact information of three references. Please
also have each reference submit a letler of recommendation,

Cornell University

Cornell University is an Afftrmanve Action/
Eqeal Opportunity Emplover and Educaror.

http://chronicle.comy/jobhs/profiles/2377 . him
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FACULTY POSITIONS
EUTH C. and ANDREEW G. COWLES
PROFESSOR of BIOLOGY-NEUROBIOLOGY
Trinity University, San Antonio, Texas

The Biology Deparmment of Trnity University
secks a broadly trained NEUROBIOLOGIST for
the Ruth C. and Andrew G, Cowles Professor of
Biology. We are scarching for a candidate with an
established rocord of scholarship and teaching com-
mensurate with an endowed professorship, This po-
sition provides a compentive salary and desipmated
funds for research support. The successful candsdate
will teach nenmbiclogy, conmbure w the biology cor-
riculum, advse undergraduate students, and provide
leadership for a growing interdisciplinary major in
neuroscience. The candidate is expecied to establish
an active rescarch program that involves undergrad-
uates. Applicants should send currculum vitae, stawe
ment of teaching philosophy, summary of rescarch
interests, and contact intormation for three refer
ences o Prof, David O. Ribble, Chair, Depart-
ment of Biology, Trinity University, One Trinity
Place, San Antonio, TX 78212, or c-mal mawnals
to e-mail: dribble@trinity.edu. Trinity University
is a private, independent, pamarnly undergraduare
institution  that emphasizes quality teaching and
active research. Addinonal information can be found
ar website: hrep:/ Swww. trinity.edo /departments /
biology. We will begin reviewing candidates 22
Ovctober 2007, Wamen and mivorizy condidans are steowply
encrrpad 1o apply. Trmity Universiny & an Egqoal Oppaors
trunity Engrloper

The Depanment of Biological Sacnces at Le Mowne
College secks two tenure-track ASSISTANT PRO-
FESSORS o begin Awgzust 2008, Responsibilivies
for position one include teaching courses in penetics
and bivinformatics. Responsibiliics for position two
include teaching in and eventually coondinating a
multisection anatomy and physiology course. Addi-
tional responsibilivies for both positions include
teaching u]‘fwr-lm':'l courses in applicant’s area of
expertise, advising biology majors, and implement-
ing a research program that encourages undergra
duate participation; ability to weach in inroductory
or nonmaors courses essential. PhD. required at
time of appontment; undergraduate teaching expe
rience preferred. A letter of application (indicatng
position sought) with curmiculum vitaee, transcripts,
amd separate statements of teaching philosophy and
rescarch mterests should be submitted elecoronically
to e-mail: lemoynehr@lemowvne.edu with a subjec
line of either BIO-Genetics, or BIO-Physiology, Ad-
dittonally, please arrangre to have three letters of rec-
ommendaton sent clectronically wo this addres with
the appropriate position subject line. Review of ap-
plications will begin October 5, 2007, and continue
until the postion is flled. Visit our webpage at website:
hetp:/ Swww. lemoyne.edu,

Lee Moyne Collepe is an Eqnal Oppoctiiniy Emplayer and
crournas irvnen, poesons of oofor, and fesits fo apply for
el L.

ASSISTANT PROFESSOR

The Depanment of Biochembiry and Molecular
Biology, Brody School of Medicine at East Carolina
University & secking applications for a tenure-track
position as an Assistant Professor. Preference will be
given to candidates having basic research expertise in
arcas related to obesity and diaberes, The candidate
will be -:xpn:n:h:d tor actively participate in the teach-
ing mission of the Department and develop a suc-
cessful externally funded research program. See
website: https: /Secu. peopleadmin.com/appli-
cants/CentrallquickF

clectronic applicanon. faw Candma University & aw
Egnal Oppoctiritp L Afformsariee Actonr Unieersity drar accom-
mrodtes indiniduals watl doabilities. Tbividuals wquestioe
acvonrnditon emder the Amencans vtk Diabilises Aer
showlid comtart the Dpartaneat for Disability Swppost Seriioes
af telephone: 252-T37-1006 (roic/ TTY), Proper doa-
meentation of ideatity and employaliliny & reqeined ar the tinne
af enmploynrent
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FACULTY POSITIONS

LEHIGH

UNI WV ERK 3

ASSISTANT PROFESSOR
Microbial Genomics

Lehigh University s Department of Biologeal Sci-
ences (website: hetp:/ Swww.lehigh.edu /- inbios )
invites applications for a tenure-rack Assstant Pro
fessor position in microbial genomies to begn in fall
2008. Applicants with expertise in evolutionary ge-
noamics, functional penctics, or svstems Mology as
applicd to microbes are particulardy encouraged w
apply. The successful candidate will have the poten-
tal or demonstrated ability 1o generate extramural
funding and a commitment w0 instructional excel-
lence at the undergraduate and graduate levels, The
College of Arts and Sciences at Lehigh i espeaally
inerested in qualified candidates who can contrib-
ute, through their rescarch, teaching, and/or ser
vice, w the diversity and excellence of the academic
COMMunIty.

Applications  should be directed to: Prof. L.
Casaimeris, Chair, Microbial Genomics Search
Committee. E-mail: inbios@lehigh.edu. Send cur
riculum vitae, representative publications, descripnon
of research and teaching intenests, and four letters of
reference o the Search Committee Chair clectroni
cally or o Department of Biological Sciences, 111
Besearch Dirive, Lehigh University, Bethichem, PA
18015, Deadline fiwr submizssion & December 1,
2007,

LrJnl..'J: lj.lil'rn-r]’r r:- slird J.'-er.lf f?ﬁu’lmimr}' .'!_rfrrlrj.urrr
Aman Employer. Lelaph Ueeenity provades domprelimsine
Inevifits dnchiediong puiiteree bewcfits

DEPARTMENT of ECOLOGY and
EVOLUTIONARY BIOLOGY
University of Connecticut

LANDSCAPE to GLOBAL-SCALE ECOLO-
GIST. The Department of Ecology and Evolu
tionary Biology ar the University of Connecticut
(website: http://www.ech.nconnedu ) announces
atvenure-track ASSISTANT PROFESSOR position
for an AQUATIC or TERRESTRIAL ECOL-
OGIST working at landscape to global seales.
Possible rescarch areas include, but are not limaved
to: patch dvramics; metapopulation, metacom
munity, or lamdscape ecology; phylogeography,
biogeography, macroecology, spedes distnbution
mundeling, paleoecology, or global change ccology.
Candidates whose rescarch and teaching interests
integrate aspects of the Department’s core stre ngths
in ecology, conservation, evolution, and systematics,
in the wider context of the Campis Lummumh of
environmenial scientists and engneers will be fa
vored. Qualifications: Candidates must have a Ph.0);
pesudoctoral experience & desirable. A letter of ap-
plication, stawements of rescarch and weaching inter-
ests, curriculum vitae, and three letters of reference
should be addressed v Dr. Robert K. Colwell,
Department of Ecology and Evolutionary Biolo-
g' Unic 3043, Lvamtty of Connecticut, Storrs,

T 06268 3-043- Electronic applications (send to
e-mail: kathleen.tebo@uconn.edu) are strongly
preferred. Review of applications will begin Novem
ber 1, 2007, and continue until the position s filled.
Ab the Uiiversity of Cawerocticut, aure drive to exoel inchodes o
comtnrimmeerst 10 beailding @ odteally divese ommnniny. 1e
erourage ayemben of nederrpresenned grongs, induding mi-
wowitics, urwnen, aind people with disablivies, to apply

ASSISTANT PROFESSOR. Tenure-track faculty
position in Department of Chemical Engineering and
Materials Sdence at University of California, Davis, in
experimental thermodynamics of materials. Phl). in
materials science, chemical engineering, chemistry, or

related discipline required. Apply at website: hep: /7

www.chms.uedaviz.edu Semployment /. Fosition
open untl filled; but to asure ull consideranon,
submit applications no later than October 30, 2007.
Start date July 1, 2008, (°C Dais 5 an Affimnatioe
Action /Egual Opportunity Emploper, and i dedicared 10
revrmpitiung o divvese fiacnley oomnmnnicy

FACULTY POSITIONS
CONDENSED MATTER/BIO SEARCH

The Physics Department, the James Franck Insti-
tite, and the Insutute for Biophysical Dynamics at
the University of Chicago invte applications for a
tenure-track faculty appointment in the areas of ex
perimental biophysics and experimental condensed
matter physics. The appointment will start in the il of
2008, The successtul candidate must have a doctoral
degree n phivsics or melated felds, and & expected w
atablish an ndependent rescarch program while ef-
fectively contributimg to the Physics Department’s un
dergraduare and graduate teaching progrms,

The appointment b expected to be at the AS-
SISTANT PROFESSOR level. Appointment at the
level of ASSOCIATE PROFESSOR or FULL PRO-
FESSOR is possible for exceprionally well qualified
candidates, Applicants should send curriculum vieae,
a list of publications, a baef research starement, and
amange 1w have ar least three referenoe letters sent to:

Professor Heinrich Jaeger, Director
James Franck Institute, CIS E 145
The University of Chicago
92% E. 57th Street
Chicago, IL 60637

E-mail inquires should be sent oo Ms, Rosemary
Garrison at c-mail: rg-garrison@uchicago.edu.
Beview of applications will start in the fall of 2007,
and will continue until the position & Alled. To en-
sure full consideration, applications should be re-
ceived no later than Movember 1, 20007, The sty of
i s Egeal Oppoeinitg, Affinnatioe loios Enploper.

TENURE-TRACK BIOLOGIST

The University of the South secks 1o hire 2 woune-
track ASSISTANT PROFESSOR of Biology. The
successful candidate will teach upper-division un
dergraduate courses in genomics, molecular genetics
or Sand evolution, participate in the Department’s
introductory biology classes, and mantain an active
rescarch program with opportunines for undergrad-
uate involveme nt. Candidates should be enthusiastic
abour developing a teaching and research program
in the context of the liberal arts wadition in edu-
cation, The College of Liberal Arts and Scicnces at
the University has an undergraduate enrollment of
about 1,400 and is located on a biologically diverse
10,000 acre campis on Tennessee's Cumberland Pla-
teau. Review of applicants will begin on October 8,
2007, bur applications will be aceepred until a suit-
able candidare is found. Send a letwer of application,
curriculum vitae, statements of teaching and research
interests, transenipts, and three letters of reference
i Teresa Smith, Personnel Services, 735 Univer-
sity Avenue, The University of the South, Sewanee,
TN 37383. Subnussions via e-mail are preferned;
seid o e-mail: tersmith@sewanee.edu,. More infor-
mation about the position cn be found at website:
hitp: / Sowww sewanee.cdu Sbiology /scarch. html.
The {]Jq'rnrl';' |..1’ ilie Sorth & an .f?.'hruf T-JJ'.IIJ-II'ITIIJII}' Fig=
ploper. Murornies and o are cncareged 1o apply

VERTEBRATE BIOLOGY FACULTY POSI-
TION. The Deparument of Biology at Clark Uni-
versity, Worcester, Massachusetts (website: ht
www.clarku.cdu /departments/ biology /) Tnvites

applcanons for a tenure -track appomtment at the
rank of ASSISTANT PROFESSOR, to begin fall
2008, The succesful candidate will be expected o
develop an externally funded research program in
any area of vertebrate biology involang Ph.D. and
unidergraduate students, The candidate will weach
human and comparative anatomy courses, and other
appropriare courses, Applicants should submit cur-
pcuum vitae, summany of research and teaching
interests, and three publications. Three letters of
reference should be received by the Search Com-
mittee prior o Ocwober 15, 2007, for full con-
sderation {e-mail: vet@clarku.edu). Please see
website: hteps:/ Swww.clarku.cdu foffices/hr

jobsdb.cfm did- grouping-F for

full postion descniption. Inguiries may be directed
oy e-mail: sfoster@clarko.edw, Afiomarie Aome/Egoal
Oppotrnity Employer. Mivoeities and woinen are eiperially

|'|'h'|'rﬂ‘.|.flﬁ'|.' i |rJ‘.|J‘J:|'.
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FACULTY POSITIONS

ASSISTANT PROFESSOR, Chemistry/Bio-
chemistry. The Department of Chemical Sciences,
Iiml;,u:n aer Stare (ﬂ!ls:!,u: Hriu.{bmqicr Massachu-
SELls, imvies apith-..uu:h for a new full-time, tenure-
track Assistant Professorship beginning in Seprember
2008, “The successful candidate will have a strong
commitment to undergraduate teaching (especially
biochemistry and introductory chemistry) and in de-
veloping a rescarch program approprate to an

undergraduate setting (see website: hitp:/ fwww.
bridgew.cdu/ATP/ for a desenption of our under

graduate research program j.

A P, and postdoctoral expenence m biochem-
istry or a related area are required, as are excellent
oral and written commumication skills. Mrior college
teaching expencnce is preferred, as are candidates
with a background in one or more of the following
areas: tosicology, analvtical biochemistry, computa-
tional biochemistry, or biophysical chemistry,

To apply: Please visit our emplovment website:
hetp:/ S www.bridgew.edu/HR/JobList/ and

submit electromcally a Tetver of application, curncu
lum vite, and statements of waching philosophy
and rescarch plans. In addition, please mail offical
graduare ransoripes and arrange to have three letters
of recommendanon sent ; Chair, Faculty Search
Committee, Department of Chemical Sciences,
Bridgewater State College, Bridgewater, MA
02325, Review of complete applications will begin
on Ocwober 19, 2007, and continue unnl the po-
sition is filled.

Hradgevmater Stae Collope @3 i Affarisarive Actoonn/ Epreal
Oty Hmplaper that asievly ook 1o iwreae Hie -
ety of 1 ok fovee

The Depanment of Chemistry and Biochemistry
at the University of Marvland, Baltimore County
{ UMBC) invites applications for tenure-track faculty
pamitions i the arcas of biochemistry, physical chem
istry, amd organic chemistry (induding biophysical
and bioorganic) to begin August 2008, All pesitions
are anticipated o be filled at the ASSISTANT PRO-
FESSOR level, although highly quahfied applicants
will be considered for appointment at a higher level.
Successful candidates are expected to establish strong
research programs and reach a boch the undergrad-
uate and graduate levels. Applicants should subnut
curriculum vitae, deseription of research plans, a state-
ment of twaching philosoply, and arrange for three
letvers of recommendation to be sent we Dr, Lisa
Kelly, Chair, Faculty Search Committee Du‘pnrt-
ment of Chemistry and Biodemistry, University of
Maryland, Balimore County, 1000 Hilltop Circle,
Baltimore, MD 21250, Elecironie submissions can
be made to e-mail: chemsearch@umbe.edu. UMBC i
ant Ll Oppoatunity ZAR e Acsion Employer; and -
plicativess frowy sovnens, pinoities aed andiisidnals witle dBsebilivie
are ospeanlly eonraged. Apgphonioes will be nvdrad el po-
sitionss atne filled.

UNIVERSITY of VIRGINIA
Department of Chemistry

We imvate applications for a tenure-track ASSIST-
ANT PROFESSOR in the field of chemical biol
ogy, beginning August 25, 2008. Sclection criteria
will include a PhoD. in a related field, 2 strong record
of innovatve rescarch, the porential for establishing
an actve and highly visible research program, and an
interest and commitment o teaching excelbmee. Ap
phcants with research interests i chemical penetcs
and functional proteomics or in emerging arcas of
hicanalvtical, biophysical, and biomatenals chemistry
are particulardy encouraged. Search Committee re-
view of applications will begin Qcoober 21, 2007,
b applications will continue to be accepued for con
sideranion unul the position & flled, Applicants should
send curriculum vitae, a briel deseription of future
rescarch plans, and arrange for three letters of rec
ommendation to be sent wo: Chair, Faculty Scarch
Committee, Department of Chemistry, University
of Virginia, 0. Box 400319, Chadottesville, VA
22904-4319. The Unaweity of Vigina b an Equal
Opportimeity/ Affienative Action BEmployer and & stroegly
commristeed fo boaibdiong diovesity witliie its ammoity.
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FACULTY POSITIONS

S

ALMA
COLLEGE

MOLECULAR BIOLOGY. ASSISTANT PRO-
FESSOR, full-time, wnure-track pmuiun in bioks-
gv. A Ph.D is ﬂ:ql.un.d and position starts fall term
2008, The Biology Department secks an individual
with demonsrable skills in, and compamment o, un-
dergraduate eaching and nescarch. Teaching respon-
sibilities will include generl geneties plin laboratories,
a4 monmajor introductory ology course, seminar,
and an elective upper-level course ateractive to pre
professionals. Areas of specialty could include health-
based genetics, histology, endocrinology, or molecular
pathology. Intercst in interdisciplinary applications
particularly welcome. Resview of applications begins
Ocrober 24, 2007, Applicants should provide cur
ncuhim vitae, a statement of teaching and research
interests and expentise, and arrange for official grad-
uate transcripis and three letters of reference o be
sent to: Dr, David Clark, Department of Biology,
Alma College, 614 W. Superior Street, Alma, MI
48801; velephone: 989-463-7058. For more infor-
mation, visit our website: hop:// www.alma. edu/
academics /biology. Alma Colloge o @ Affiomariv

Acvion /Egual Opportunity Bl per.

TENURE-TRACK POSITION in
BIOCHEMISTRY

Applications are invited for a tenure-track position
in biochemistry in Macalester College’s Diepartmoent
of Biology at the ASSISTANT PROFESSOR rank
beginnng fall 2008. We seck applicants who are
committed to excellence in teaching ar the under-
graduate level and who are dedicated 1o developing
an active research program that engages stundents in
research, More details on this position are availlable

at website: hip://www.macalester.edu/provost/

iu .:p|w for the position, serd a letter, curmicu

lum vitae, statements of teaching philosophy and
rescarch plans, and three letters of reference to:
Professor Lin Aanonsen, Chair, Department of
Biology, Macalester College, St. Paul, MN 55105,
Apphications received by October 15, 2007, will
receive fist consideration. Macalester College s a2 se-
leaive, private Bberal ans college in the Minneapolis-
S Paul metropaditan area. The Collepe prides itselt
on providing support for excellence in teaching and
in faculey scholarship., As a Bl Opposienity Ewiplyper
snppantion of |_|ﬂirr1r.|r||r offors fo il d'ir'l'r):ir}' anmiang s
:..iq r.n'q'. .'If.n!.rf:'ﬂ'ﬂ I'._.'nlﬂ.]:LIJ' fIMI.I\:JI' |11.|'|h'ﬂ..”ﬁ upp'lf..u'mm_ﬂ'rllmr
wonrer and enibers of wedemopresented minorly gronps. e
are cipeckilly iwtereited e canndidates conrmnisted s ki witle
stendants of divwesse badkgrosnrds.

ASSISTANT PROFESSOR
Mant Biology,/ Botany

The Biologmcal Sciences Department of the Ume
versity of Wisconsin, Parkside, secks a2 PLANT BI-
OLOGIST or BOTANIST wo fill a tenure-wrack
Assistant Professor (nine-month) posiion o begin
Aupust 2008, Applicants must have a Ph.D. and
postdoctoral experience. Applications received by
November 1, 2007, are ensured full conssderation;
position is open untll filled. Send a lewter of appli-
cation, vitae, reprints, description of rescarch inter-
ests, a statement of teaching philosophy and three
letters of reference to: Search Commitee, De-
partment of Biological Sciences, University of
Wisconsin-Parkside, 200 Wood Road, .0, Box
2000, Kenosha, WI 53141 ; telephone: 262-595-
2744. A full announcement can be obtained online
at website: htepe/ Swww.owp.edu, kevwond jobs,
then follew Unclassified Posioons Tmk. 791, Parbaide,
i e Affirmearioe Action /gl Emphopunons Opportanity S
ploger. Porsonws ity Diisalelivies, Minoities, Vevorans, men,

FACULTY POSITIONS
ASSISTANT PROFESSOR
{Molecular Microbiology,/Immunoclogy)

The Department of Biological Sciences at Purdue
University Calumet invites applications for a tenure-
track posstion to begin in August 2008, A Ph.D.
degree and excellent verbal/written communication
skills are required. Postdoctoral experence s pre-
ferred. Bespomsibilities will include (1) teaching un-
dergraduate and graduate coures in rni.-.:nt'hiul.ui.'.r\',
immunology, upper division courses in arcas of
expertise and putu:nn:llh introductory biology, (2)
establishing a vigorous extramurally funded research
ropram, involving padu.]h:fuml:rhraLlu;t-: situ-
dents, that will complement and enhance current
depantmental strengths in molecular biddogy and
biotechnology, and (3} service w the University,
Purdue University Calumet, the Chicago-area cam-
pus of the Purdoe University system, i an M5, Com
prehensive University with over 9400 students, of
which approximately 425 undergraduare majors and
30 graduate students are enrolled in the Depart
meent of Biologeal Scences (website: hotp://www.,
calumet. purdue.edu fbiclogy /). Review of ap
plicatnons will begm November 2007 and contin-
ue until the position is filled. Inguines or letters of
application stating teaching philosophy and re-
search interests, curmiculum vitae, copies of graduo-
ate Sundergraduate transcripts, and three original
letters of recommendation with contact infor-
mation should be sent we De, W-T Evert Ting,
Chair of Search Commirtee, Department of Bio-
logical Sciences, Purdue University Calumet,
2200 16%th Street, Hammond, IN 46323-20804
{e-mail: bioscarch@calumet.purduc.edu). Purdie
University Calumet f5 an Equal AcwessTagal  Oppoetumiy (
Affimmative Actioe Ewploper.

ASSISTANT PROFESSOR, PLANT BIOLOGY

The Deparement of Blologeal Scences, Califormia
Stare University, Los Angeles, seeks to fill a Tenure-
Track Position in plant mology beginning fall 2008,
A Ph.D. in biology, botany, or related field is re-
quired, with a minimum of one vear of postdoctoral
experience preferred. The candidate is expected o
teach undergraduate and graduate courses, particdpar:
in program development, and establish an externally
funded rescarch program involving undergraduate
and Master's smdents. The candidate 15 also expected
(T8 }nrliu:i}u:: in University service, and to prm'l'u.L'
academic advisement to students, Submit curriculum
vitae, research plins, statement of waching phi-
losophy, and three lenters of reference to: Search
Committee Chair - Plant Biologist, Department
of Biological Sciences, California State Univer-
sity, Los , 5151 State University Drive, Los

Angeles, CA 90032 (e-mail: pl olt@cxchan
calstatelaedu). Review of L'tlml_ulf.:"l.ﬂnrﬁﬁ-ﬁm%

1 pn November 1, 2007, and may continue wntil
position is filled, EOThle IXAADA Enployer. Qualified
wonwer amsd minories are encorraed fo dpgy

FACULTY POSITION ar the
UNIVERSITY of PUERTO RICO

The Department of Biology of the University of
Pucrio Rico ar Bio Pedras (website: hitp: f,-"bmlmi
upmp.edu) invites applications for a2 tenwre- rac
m‘.‘llﬂln!ﬂm!ﬂhs Candidates with expertise

n evolution, proteomics/ genomics, and physiolog-
II.I.'J.I systems are preferred. Applicants must hold a
h.D3. or equivalent and have postdoctoral experi-
ence. Candidaves are expected 1o develop active re-
scarch programs and o teach at the graduate and
undergraduate levels. Inerested persons should send
resume, a starement of current and future rescarch
and teaching goals, representative publications and
three letters of reference w: Dr. James Ackerman,
P.O. Box 23360, UPR Station, San Juan, PR
00931-3360 or e-mail: ackerman.upr@gmail.
com. Applications will be eviewad from Ocwober T,
2007, until the position is filled. University o Puerto
Rica i an Egual Opparmuity Emphoyper
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FACULTY POSITION
SEALY CENTER FOR CANCER CELL BIOLOGY AND
DEPARTMENT OF MICROBIOLOGY AND IMMUNOLOGY
THE UNIVERSITY OF TEXAS MEDICAL BRANCH (UTMB)

The Department of Microbiology and lmmunology and the Sealy Center of Cancer Cell Biology at UTMB are secking an experienced
rescarcher for a tenure track position at the Assistant or Associate Professor level. Candidates are expected to engage in research and
teaching activities in the Department and in campus-wide programs in cancer and immunology. The candidate should have an MD, DVM,
PhD, or MD/PhD degree and a background that includes the potential to build a strong extramurally funded research program.

Preferential consideration will be given to those with a research background in the areas of tumor inflammation, wmor immunology,
tumor microenvironment and tumor cell biology. The successful eandidate will have demonstrated academic scholarship in the form
of publications in major peer-reviewed journals and a record of continued extramural research funding or the potential to establish a
funded program.

Recruited faculty will be provided with generous start-up packages, competitive compensation and benefits, modern laboratory space
within the center, and access to state-of-the-an core facilities. Diversity is a key UTMB core value, and actively sought in our applicant
pools, including, ethnic, cultural, gender and research interests. The city of Galveston, a popular tourist destination that includes beaches,
muscums, historical sights, four cruise lines, and excellent restaurants, is 45 minutes away from Houston, the nation’s fourth largest
cily. The Universily of Texas Medical Branch (UTMB), is the oldest medical school in the state and has a research base that rivals most
public universities in the country. Its collaboration between depantments in both conducting research and teaching is one of the strengths
of the institution.

Applicants for an assistant professor position should have at least three years of post-docioral or equivalent experience and a strong pub-
lication record. Candidates foran associate professor position should have established, funded research programs and a strong publication
record. Please send electronic copics of a cumriculum vitac, statement of research interests and goals, and the names of four references
to: B. Mark Evers, M.D. Secaly Center for Cancer Cell Biology, The University of Texas Medical Branch, Galveston, Texas, hitp:
Hwww.utmb. edw/scech/ ecmail: replv.scechi@ utmb. edu.

UTMB is an Equal Opporturity, Affirmative Action Institction that proudly values diversiy.
Candidates of all backgrounds are encouraged to apply.

Department of Biology
University of Nevada, Reno

Ecologists (2) and Developmental Biologist

The Biology Department at the University of Mevada, Reno (UNR), seeks
iwe ECOLOGISTS and one DEVELOPMENTAL BIOLOGIST for
ienure track positions (o start July 2008, The department has targeted EECE
(ecology, evilution, and conservation biology) and developmental biclogy
as s two simtegic foci for growth, The depanment’s EECH faculty have
well established excellence in conservation biology, conservation genet-
ics, behavioral ecology, and evolutionary ecology. The ecology positions
are: (1) ASSISTANT/ASSOCIATE PROFESSOR with strong inlerests

Yale University
School of Medicine

FACULTY POSITION AT THE JUNIOR
OR SENIOR LEVEL

DEPARTMENT OF CELLULAR AND
MOLECULAR PHYSIOLOGY

The Department of Cellular and Molecular Physiology seeks applicants
for a faculty position at the junioror senior level, Candidates must hold
a Ph.D., MDD, or equivalent degree, The candidate’s research interest
should be in the general area of cellular and molecular physiology
with particular emphasis in integrative or translational research and in
genetic mode] systems, Quistanding candidates working in other areas
of eellular, molecular, and systems physiology are also encouraged to
apply. Excellent opportunities are available for collaborative research,
a5 wiell as for graduate and medical student teaching,

Applicants should nclude a curriculum vitae, a statement of research
interests and goals, and three letters of reference. Applications should
be emailed to leisastrohmaierivale.edu in PDF format or sent to:
Dr. Steven C, Hebert, Chair
Department of Cellular and Molecular Physiology
Yale University School of Medicine
333 Cedar Strect
P, Box 208026
New Haven, CT 06510

Application Deadline: November 1, 2007

Yale University is an Afftrmative Action'Egual Opportuiiey
Emplover.

in conservation biology and (2) ASSISTANT PROFESSOR with arei of
specializtion open. Nevada remains one of the least studied pans of Morth
America, and there are many ecologrcal and conservation challenges in the
Mojave Desert, the Great Basin, and nearby California. Diverse funding
opportunities exist for research on these challenges. Our five developmental
biologists form the come of an emerging anca of excellence that is well funded
by NIH and NSFE. For the ASSISTANT PROFESSOR of developmenial
biology position, research interests can be in developmental biology or
in another complementary area of cell or molecular biology. UNR has
outstanding cone facilities for genomic and protecmic nesearch, The suc-
cessful candidates will be provided with competitive start-up package s and
will be expected 1o muntain nationally recogmzed, extamurally funded
research programs. The Department has ~ 620 majors, ~ 45 MS and PhD
audents, ~ 24 state-funded faculty, and averages ~ 54 million/yr in extra-
mural awands. Reno sits on the eastern flank of the Sierra Mevada in close
proximity o desert and montane field sites and o Lake Tahoe, Reno was
recently mted one of the best small cities in the US for overall quality of
life. Applicants should send application letter, eurriculum vitae, statement
of reseanch plans, and contact information for 3 references electronicall v at
website: hittp:/iwww.unrsearch.com. Please specify the position for which
you are applying. For complete position mnouncement amd requireme nls,
visil website: hitp:{jobs.unredu. Applicanons received by October 15,
2007 will receive full consideration.

Egud Employmen Opportunine/ Affirmative Action, Women aod wders
represented groups are encouraged to apply.
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FACULTY POSITIONS

FACULTY of HEALTH SCIENCES
Queen’s University
Kingston, Ontario - Canada
Department of Anatomy and Cell Biology

Applications are invited for a tenure-track appoint
ment at the rank of ASSISTANT PROFE R. A
PhD. and o MLD. or DS, o DVM. degree and
a minimum of two vears of postdoctoral experience
are required. This advertisement s directed to ouot-
standing candidates who have established or planned
research programs with a strong molecular and ced
lular background in developmental biology, The
succesaful candidate will teach in one or more of the
following arcas: embryvology, human gross anatomy,
histology,/cell biology, neuromaiomy,

Candibies are 1o forward a lewer of application
topether with curriculum vitae and the names and con
tact information of three references to: Dy Chardes
Graham, Chair, Appointment Committee, Depart-
ment of Anatomy and Cell Biology, Faculty of
Health Sciences, Queen’s Univemity, Kingston,
Ontario K7L 3N6. Review of gpplications will com
mence on November 1, 2007, and continue untl the
pemition is filled. Lerters of reference will be reguested
only from these candidates who are shortlsted.

The Ulmiversizy inettes applications fron all qualified ivdis
widnals. Cewr’s Uniivainy & onuninad w0 oneplypusant aquiry
and divvriry fo e wvwkplae and wvdoones applicomons o
iwvnrer, sl i, aborpinal people, peraes el dis-
albiliries, ad peeons of any sexoal araession o gasder ey,
Acadewric segff @ Chooenr's are powvemrad by o aollovsee agrovmens
betven the Cereen’s Undversity facolty and the Ulnivorsiry
seicls f5 posted ap awebsiee: hitp: £ wneisgueensu.cof qufa,
AN qualified conadidaves are econeagad o apply, v, Ca-
nadtan ctizens and peomanant restdents wnll be gioen proviry.

ASSISTANT PROFESSOR in BIOLOGY
The Department of Biodogy at the University of
North Flonida invites applications for a enure-track
Assistant Frofessor in toxicology beginning August
2008, Candidates must have a [h. 1D, m the tullugml
sciencss of an appropriate related febd, 2 commitment
to undenzraduare education, and the potential to es-
tablish an independent extemally funded rescarch pro-
gram .ﬁ}m-}ﬁuc fior stisdent panticipation. Teaching
will inchude undergraduate and Master's level courses
in the area of spedialty and shared responsibiliey for
introductony courses, The Department s growing
rapidly and has a new Flagship Program in Coastal
Bicdoggy. For more information visic websites hitps
www.unf.edu/eoas/biology. Candidates nuist com

pleic an online applicanon (website: hitpe//wwws
unfjobs.org) md sibmit 4 cover letter, comculum
vilae, transcnipes, concise statements of research in-
terests and teaching phibosophy, and three letters of
refenence w: Dr. Judith D, Odhrietor, Search Com-
mittee Chair, [ of Biology, University of
Morth Forida, 1 UNF Drive, Jacksonville, Florida
322242660, by poumak deadline November 5,
2007, UNF i an Egeeal Cypormining! Epial Ao/ A ffimmaive
Acvions Insnisnion.

MOLECULAR MICROBIOGIST/
MOLECULAR CELL BIOLOGIST
The Sonoma State University Biodogry Depantment
is secking a dvnamic teacher-scholar for a woune-rack
ASSISTANT PROFESSOR position starting fall
2008, Rescarch specialty is open, but we are espedally
imterested in imti\'idmh with postdoaorl raining
who investigate microbiological, cellular, or molecular
processes of biomedical relevance. The successtul
candidate will be expected to maintain an esternally
funded research program involing both under
graduate and l.:l‘.'l.l.tl.l.‘lll: students and teach in his/
her areas of expertise. Review of completed applica
tions will begn October 21, 2007, See full job an
nouncement at our website: htep: £/ www.sonoma.

edu /aa /fa /.
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FACULTY POSITIONS

Lisivirsty of Pisssvivasia

UNIVERSITY of PENNSYLVANIA
rtment of Chemistry
Faculty Position in Chemisery

The Department of Chemistry at the University of
Pennsvivania plns to make a2 woure-track appoint
ment mn chemistry ar the ASSISTANT PROFES-
SOK level The appointment will be in the arca of
biological chemistry Schemical biology. Apphlcants
should send their curmculum vicae, a list of publi-
cations, a descaption of proposed research and three
reference lewwers o Faculty Search Committee, Die-
partment of Chemistry, University of Pennsyl-
vania, Philadelphia, PA 19104-6323. Leners of
reference can also be sent 1o e-mail: search@chem.
uwln.ndu. Applicants must also complete a profile
at website: https:/fusion sas.upenn.edu//faculty /
EE{I:ME{:PEIUJLU“. Beview of applcations wall be-
gm on October T, 2007, and will continue until the
posttion s filled. The Uniosity of Porspleamia is ae
Equal Cypportunity/ Affimnatoe Aaion Emploper. Minosity
i wonen applisants are eopecially encornged fa apply.

BIOCHEMISTRY FACULTY POST

Bucknell University secks outstanding candidages
for an entry-level, tenure-track position at the rank
of ASSISTANT PROFESSOR scheduled to begin
in August 2008, The successful applicant will teach
11i.u:|'|.1:mi:tr1..'. lecture, and laboratory, and will also
teach introductony onganic chemistry, general chem
Istry, or Lntn:dutnr'l. I.l!llll[.";l.luc chemstry, drpr:m.{
ing on huil..rl.rund and interests. The successful
candidate will also have the opporunity o develop
advanced courseis) within his her areais) of expertise.
The development of 3 vigorous research program i
some area of biochemistry (including bioorganic,
bicinorganic, and chemical biology ) is expected, and
this research program will invobee undergraduare
and Master’s students, Ph.D, required, postdoctoral
experience preferred. Applications can be submitted
at website: hop:/ S www. bucknd L edu fjobs, amd
should inelude curnculum vime, a detaled deserip
tion of research interests and plans, and a statement
of teaching interests. Additionally, three letters of
recommendation are to be sent directly to: Profes-
sor Timothy G. Strein, Chair of the Biochemistry
Scarch Committee, Department of Chemistry,
Budknell University, Lewisburg, PA 17837 (e-mail:
strein@bucknell.edu). Feview of applications will
begin on Ocoober 5, 2007, Budnell Uifiveity e
s ..ﬂn'q‘u“mr_fnm seniwaenl atand precanahers Of Ay s
ffiujruf Emp]-l;umrm !"JJl_lluuirl'nuri;l'.-".-'trﬁnud.l'ﬁ':'

Al nan | &

ASSISTANT PROFESSOR
Biological Chemistry
The David Geffen School of Medicine at UCLA

The Department of Bological Chemistry is seck-
ing applications for an Assistant Professor, tenure
track, in any ar¢a of biochemistry or malecular, cell,
and developmental biology. More advanced candi-
dates may be considered under special drcumstances,
The new faculty member will be expected w develop a
strong and creative research program and to contrib-
ute to departmental teaching.

Candidate sclection will begin December 15,
2007, and continue until the position i filled. Ap-
phcants shoubd send curmcalum vitae, a summary of
research interests, and arrange for three letters of
reference to be sent o

Peter Edwards, Ph.D.
Chair, Search Committee
/o Judy Alvarer
UCLA Biological Chemistry
PO, Box 951737, 310 BSRE
Los Angeles, CA 90095-1737

e Univerity of California 5 an Affinuatie
Egnal Oppormuity Enphayper.

Aition /

FACULTY POSITIONS
DEPAETMENT of CHEMISTRY
Inorganic Chemistry

The Department of Chemistry in the College of
Arts and Sciences at Amercan University secks a full-
time tenure-track ficulty member ar the rank of
ASSISTANT PROFESSOR for academic year
2008-2009. “The successful candidate must have a
Ph.0}. in chemisiry and be able to show evidence of
strong beaching skills, Pamary teaching responsibal
ities melude general chemistry and liberal ars chem-
wiry, Apphcants are expected to maintan a strong
rescarch record. Other responsibilivies also include
supervising  praduate and undergraduate research
students and mentoring both undergraduate and
graduate students. To apply, submit a letter of appli-
cation, curriculum vitae, a statement of rescarch in-
terests, and a research plan, and arrange tw have three
levters of reference sent dircaly from individuals
wheo are able to comment on the applicant’s teaching
and research skills ro: Dr. James E. Girard, Depart-
ment of Chemistry, American University, 4400
Massachusetts Avenue N.W., Washington, DC
2001 6-8104; e-mail: jeirard@american.edu; fax:
202-885-1752. E-mal submissions are encour-
aged. Amencan University is secking highly dedicated
teachers and scholarss who are deeply commined o
interdisciplinary learming, the application of new tech-
melogges i reaching and scholarship, and o the prep-
aration of students for life in a diverse and rapidly
changing global society, W and oiimonity sadidines
are steondly enconraged to apply. Awmenican Udivesiny 6 an
Affinmative Active/ Egoal Opportunity Hmplopor

SENIOR FACULTY POSITION
Temple University
Department of Chemistry

The Department of Chemistry at Temple Univer-
sity invites nominations and applications tor a Geulty

wiion at the FULL/ASSOCIATE PROFESSOR
ru.l in any area of chemistry. Applicants are ex-
pected to have established rescarch programs of hig
quality, supported by substantial externally funded
peer-reviewed research grants and demonstrated sig-
nificant teaching accomplishments. Salarks are highly
competitive and substantial resources have been pro-
vided for saaup funding. Ample newly renovated
laboratony space is available.

Applicants dhould submit cumiculum vitae; a state-
ment of research interests and current grant support;
a statement of teaching philosophy; and the names
and contact information of three references to: Dr,
Robert J. Levis, Chairman, Department of Chem-
istry (D16-00), Temple University, Beury Hall,
L3th and Momis Streets, Philadelphia, PA 19122,
Beview of applications will begin immediately and
will continue until suitable candidates are identified.

Tongde Umivoity o an Egal Coporteety 2 ifematioe oo
Fanploper. The Deparmient specifically domites and ancounppes
apgrlicatons faom eonear and Reionivs.

NATIONAL UNIVERSITY of SINGAPORE
Degpartment of Chemical and Biomolecular
Engineering

The Department of Chemical and Biomolecu
lar Engineering at MNational University of Singapore
mvites applicanions for TENURE-TRACK FAC-
ULTY POSITIONS at all levels. The Depariment
is one of the langest imternationally with excellent
in-howse infrastructure for experimental and com-
putational research. A Ph.D. in chemical engineering
or related areas and a strong rescarch recond with
excellent publications are required. Please refer o
website: lg:ttp‘,a’_e’“w chbe. nus. edusg/ for more
nformation on the arcas of interest and for ap-
plication details. Applicants should send full curric
ulum vire (inchuding kev [ﬂ.:l"llil.'.'l.‘linn\-]. a detailed
rescarch plan, a stitement of teaching intwerest, and a
list of names of at keast three references o Professor
Raj Rajagopalan, Head of Department (attention:
Ms. Nancy Chia, e-mail: nancychia@nus.edu.sg),
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THE UNIVERSITY of NORTH CAROLINA

GREENSBORO

Professor and Head
Department of Biology

The Department of Biology at the University of North Carolina at Greensboro invites applications and nominations for the position of Department Head.
The appointment will be at the rank of Professor with tenure and will be effective August |, 2008, The Head is expected to provide effective adminis-
trative and intellectual leadership for the department, to suppon the faculty in their work as researchers and teachers, and to build connections for the
department with the region and the state. The depaniment has strong faculty research programs, which are supported by funding from agencies such as
NIH, EPA, NSF and USDA. The department is currently planning a Ph.D. program, and the Head will work with the faculty 1o complete its planning
and implementation. The department welcomes applications from individuals pursuing rescarch inany area of biology, and particularly encourages those
from applicants whose research would enhance the department’s existing strengths, The applicant should have a strong record of research and teaching,
including a history of obfaining competitively awarded external grants, and must also be committed to advancing the department’s goal of building upon
its nationally visible research profile. Previous administrative experience ina Ph.D. granting department will be an advaniage.

The Department of Biology (http2ffwww.uncg.edwbio) is one of 21 departments in the College of Arts and Sciences and has approsimately 760 under-
graduate majors and 35 Master’s students, The department has 23 tenured tenure-track [aculty positions and 15 full-time lecturers. 1t is anticipated that
additional positions will be allocated to the department following the establishment of the planned Ph.D. program.

UNC Greensboro, one of 16 campuses in the University of North Carolina system, is classified by the Carnegic Foundation as a research university
with high research activity, Enrollment is approximately | 7,000 students, including 4,000 graduate students, in the Colleze and six professional schools,
Gircensboro is a city of about 240,000 in the Piedmont Triad region of North Carolina, a location providing easy access to the Rescarch Triangle and to
recreational opportunities at the coast and the mountains. The local metropolitan area (which includes the eities of High Point and Winston-Salem) has
a population of almost one million and offers an excellent guality of life. UNC Greensboro is especially proud of the diversity of its student body, and it
secks to attract an equally diverse applicant pool for this position, including women and members of minority groups,

Review of applications will begin on November 1, 2007, and will continue until the position is filled. Applicants should submit their vitae with a leter
explaining their interest in the position, a description of their research program, a description of their approach to the responsibilitics of a Department Head,
and contact information for four references. Electronic submission of application materials is preferred and should be directed to TANILE@UNCG.EDU,
Mailing address: Dr, Terence A. Nile, Chair, Biology Headship Search Committee, Office of the Dean, 105 Foust Building, UNC Greensboro,
Greenshoro, NC 27402, Inguiries and applications will be treated confidentially on request.

LUNCG is an AAEEQ Emplover with a strong commitment fo increasing faculty diversity and will respond creatively to the needs of dual-career couples.

ASSISTANT PROFESSOR/
INFECTIOUS DISEASES

WASHINGTON UNIVERSITY SCHOOL
OF MEDICINE

The Division of Infectious Diseases in the
Department of Medicine at Washington
University School of Medicine solicits appli-
cations for tenure-track appointments at the
rank of Assistant Professor. We are seeking
interactive individuals who will be able w
establish a vigorous and outstanding indepen-
dent basic reseanch program. Our program has
a strong emphasis on microbial pathogenesis
in prokaryotic, viral and cukaryotic systems.
Reecruited faculty will be located conti guous to
the Departmen tof Molecular Microbiology and
the Division of Pediatic Infectious Diseases;
there is remendows potential for collabora-
tive interactions. Preference will be given
academic physicians who are board eligible/
certified in infectious diseases. Very attractive
start-up packages and protected tme armnge-
menis will be offered.

Applicants should send a dewmiled cumiculum
vitae, a few selected reprints, a bricl description
of current and planned research interests, and
arrange o have three letters ofreference sent o
Daniel E. Goldberg, M.D., Ph.D)., Co-Chief,
Division of Infectious Diseases, Atin: Faculty
Search Committee, Washington University
School of Medicine, Campus Box 8130, 660
S, Euelid Ave., 5t. Louls MO 63110,

WUSM iz an Egucl OppartuningdAfirmative
Aetion Emplover. Women and minovities are
especiolly encomvaged o apply.

Assistant Professor
Redox Biology Center and Department of Biochemistry
University of Nebraska-Lincoln (UNL)

The Redox Biology Center (RBC) at UNL, funded as a Centerof Biomedical Rescarch Excellence
by the Mational Institutes of Health, invites applications for a tenure-leading Assistant Professor
position in the Department of Biochemistry. Any arca of redox biology will be considered, but
we are particularly interested in applicants with expertise in bicinformatics/functional genomics,
misss-spectrometry, and'or redox regulation/signaling. The RBC is a major focus group for research
in redox biology, incorporating various investigators at UNL and the University of Nebraska
Medical Center innearby Omaha, Areas such as thiol-based redox signaling and gene regulation,
redox control of neurodegenerative diseases, cancer and aging, biochemistry of redox-active
trace elements, structural biology, proteomics/ metabolomics, microbial pathogenesis and redox
homeostasis ore all current targets of investigation. The Center also operates mass-spectrometry
and spectroscopy core research facilities, The successiul applicant will be expected to establish
an internationally recognized, federally funded research program. The associated teaching com-
mitment will be one course peracademic yearat the undergraduate or graduate level, The position
will be housed in the state-of-the-art George W, Beadle Center, and carries with it a 12-month,
state-funded appointment and a generous start-up package. This hire is one of several new faculty
positions that the RBC will fill in various arcas of redox biology during the next four vears. To
leam more about the Center and the Depariment, please visit hotp:fwww.onlLedwRedoxBiolo-

gyCenter and http://biochem.unLedu.

To be considered for the position, please go o httpsdfemployment.unLedo requisition 070703
and complete the Faculty/ Academic/Administranive Application. Then under separate cover send
a curriculum vitae, a succinct statement of research and teaching interests, and three letters of
reference sent to: Redox Biology Center Search Committee, Dr, Yadim Gladyshey, University
of Nehraska, N118 Beadle Center, Lincoln, NE 68588-0662, US A oremail 1o redox2 (@ unl.edu.
Review of applications will begin on Octaber 19, 2007 and continue until the position is filled.

The University of Nebraska is commitied fo a pluralistie campus community tirongh
affirmative aetion and equal opparnmine and is responsive 1o the needs of dial career couples.
We assire reasonable accommodation wder the Americans with Disabilities Aet, contace
Jovee Che ar (A02) 472-3173 for assistance.

iencecareers.org
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UNIVERSITY OF

TENURE-TRACK FACULTY
The University of Miami at Coral Gables

As part of a significant expansion, the Ilv:p.m ment
of Biology seeks a wenure-track candidate in devel-
opmental biokogy who wses nonmammalian moddl
genctic organisms to investigate fundamental prob-
lems, Preferred candidate must be able wo nterface
with one another and with the broader research
community that has strong fod m neurosdence,
evalution, and ecology. Application review wall
begin by October 1, 2007, and will continee untl
position is filled. The successful candidate will be
expected o maintain innovative, externally funded
research and ro teach graduate and undergraduare
students. Nine months of salary is guaranteed, Ph.DD,
and postdoctoral work s required. Send curriculum
vitag, represcntative reprints, statements of rescarch
and teaching interests, and have three letters of ref-
erence sent o e-mail: biosearch@bio. miami.edu,

FACULTY POSITIONS
TENURE-TRACK POSITION in
BIOCHEMISTRY
University of Wisconsin, Madison

The Department of Biochemistry at the University
of Wisconsin, Madison (website: htep:/ Swww,
biochem. wisc.edu), invites .1|£}|"rl:.ll'i{:m for a posi
tion in ochemstry at the ASSISTANT PROFES-
SOR level. Applications in all areas of biochemistry
will be considered, The Department is parbicularly
interested in candidates working with cutting edge
technologes (nanotechnology, cellular imaging, pro-
teomics,/ metabolomics Aptdomics) in animal, plant,
or moded organisms in research arcas related to the
chemistry of protein or nucleic acid function, regula-
tion of metabolism, or neurobiology. The University
and Depantment provide an excellent environment for
the development of an outstarding research program.
The successtul candidare will be expeacd o develop a
vigorous, extramurally funded, independent rescanch
program, amd to partidpate in the under graduate and
grachiate I:L':u:hingjnq.:nmﬂ of the Department. PDF
applications should include curmculum vitae, a hist of
pubbcations, and a bref summary of accomplishments
and directions of futune rescarch and be sent o e-mail:

facultysearch@biochem. wisc.edu. Three letters of

TENURE-TRACK POSITION
in Biomedical Sciences

The Department of Biomedical Scences at the
LUrniversiny of South Alabama { USA) seeks candidates
for a tenure-track faculty position at the ASSIST-
ANT or ASSOCIATE PROFESSOR level. The
USA Biomedical Scences Department offers a B.S,
degree and s responsible for the undergraduate edu
cation of students interested in pursuing post bac-
calaureate study in medicine, health professions, or
basic sciences. Candidates must have a Pho}, or
cquivalent, in a biomedical science and two yvears of
postdoctoral experience s preferred. The successful
candidate will be expected 1o teach, develop an ac-
tive research program, and mentor undergraduate
rescarch projects. Review of applications wall begin
on Ocwober 15, 2007, and will continue until the po-
sition i filled, with an estimated start date oF June 1,
2008, Applicaions should indude a cover lemer of
interest, curriculum vitae, and theee letters of pef-
erence. The application matenial should be sent via
regubir mail or e-mail to: Dr. Michael P. Spector,
Professor, Department of Biomedical Sciences,
UCOM 6000, University of South Alabama, Mob-
ile, AL 36688-0002; telephone: 251-380-27 10,
fax: 251-380-2711; or e-mail: mspector@usouthal.
edu. Website: hup:/ Swww.southalabama.edu /
alliedhealth /biomedical. Tiw University of Soile AL
batimar &5 an Egral Olpportonity /Equal Aoiess Enployer

FOUR OPENINGS in EXPERIMENTAL and
THEORETICAL PHYSICS
University of California, Merced

The University of California at Merced invites ap-
plications for four tenured /tenure-track pasitions in
physics, defined broadly as: (1) naposcale physics
[ASSOCIATE or FULL PROFESSOR level ), (2)
condomsed mater physics (ASSISTANT PROFES
SOR level ), { 3) atorme, molecular, and opucal (AMO)
phvdcs (ASSISTANT PROFESSOR level ), and (4)
biophysics {open rank), with a speaal interest in
biolorical or biologically nspired systems that per
tain to the cellular, subcellular, or single molecule
scales.

For all positions, both Experimentalists and
Theorists are cncouraged o apply. The University
of California at Merced is the wenth campus of the
University of California system and che first LS,
rescarch university built in the 2 1st cenmury, We seck
distinguished scholars with a2 keen interest in found-
ing a mew university and establishing a ereative,
vigorous rescarch program in a multidisaplinary en
vironment, For more information o to apply, visit
website: hetp://www.ucmerced.edu fjobs/. To
ensure full consderaton, complete applicanons should
be received by Movember 30, 2007, cfienadoe Adiun/
Egual Opporemuty Enphayer.

1598

reference should be forwanded 1o the same address
with applicant’s name n header. Applhcatons shoukd
bie complered by Ocrober 15, 2007,

JOB OPPORTUNITY in BIOCHEMISTRY
FACULTY POSITION
Department of Biochemistry
Stanford University School of Medicine

Applications o nominations are invited for an AS-
SISTANT PROFESSOR position in the Department
of Biochemistry. Applicanes should have an estab-
lished record of excellence i onginal rescarch and
teaching. The predominant cntenion for appoint
ment in the Universaty tenure track 1s 2 major com
mitment o research and eaching. Candidates should
submit curriculum vite including a list of publica
rions, a description of their research interests, and
names, addresses, and telephone numbers of three
refercnces to e-mail: biochemistry_recruitment®
stanford.edu. Applications should be received by
October 31, 2007, Reference letters should be sent
to the above e-mail address or w: Scarch Com-
mittee Chairman, Department of Biochemistry,
Stanford University of Medicine, 279 Cam-
pus Drive, Room B400, Stanford, CA 94305-
5307,

Stnrford University o an Egoal Oppoctannity Emspluper and
& committnd fo iwncasiony the diversiey o s faley. It el
conres enrinatios of amd gpplications from womer wnd men-
bees of minoriry groups, @ well as oohers who wosld beiog
adeitiomal disnensions o e Uivoersity”s reseanch, feadving aind
ilinical anissions

ASSISTANT PROFESSOR of CHEMISTRY

The Department of Chemisary of the University
of Wisconsin, Madson, anticipates an opening for a
faculty position w begmn in August 2008, We seck
outstanding candidares at the ASSISTANT PRO-
FESSOR level (tenure track) in all areas of chemistry
including chemical educanion. Candidates must have
a PhD. wn chemistry or a related feld; postdoctoral
experience is desirable. The position requires devel
opment of an mternationally recogmized program
of scholarly research as well as excellent reaching ar
both the undergraduate and graduare levels. Mease
submit curriculum vitae amd concise description of
rescarch plans online at website: hep:/ Swww.chem.

FACULTY POSITIO

T

TEMPLE UNIVERSITY SCHOOL of MEDICINE
Department of Biochemistry

Tenure-track faculty posinons are available at the
ASSISTANT or ASSOCIATE PROFESSOR. level
fior candidates with strong research records in
bischemistry, molecular iology, cell biology, bio:
phyvsics, or related discplines. The Depanment is
expanding in the arcas of cellular and molecular
approzches to signal transduction, ranscriptional
comtrol, and nuclear regulatory mechanisms, Related
and other arcas of interest will also be considered,
Applicants should apply electronically o e-mail:
biochem@temple.cdu. Application information

arud links 1w the Department are available at website:
hitp: /S www remple.edu/med Sbiochem /search.

Temple Univessity is a Affremative Action/ B Oppor-
menity Emploper amd stongly endonrmpe appliction from
st vl miorites.

MOLECULAR GENETICS

Washingron State University (WSLU) Vancouver
invites applications for full-time, tenure-track AS-
SISTANT PROFESSOR with rescarch emphasis in
molecular genctics in animal systems or other taxa
that 1.'l!ll1i'l[|:ll1c|tl the strengths of exsting faculty.
Successful applicant will teach two courses per vear,
advise praduate and undergraduate smidents, and
establnh producove, extemally funded research pro
gram. Excellence in research and instruction are the
muain eriteria for selection. Minimum gualifications:
Ph.l). in molecular biology, genetics, or relaed
discipline by date of hire, Preferred candidates wall
demonstrate commitment to working with diverse
student amd community populations. WSLU Vancowver
i locared across the Columbia River from Ponland,
Oreon, and offers sipnificant opporunities for e
search and an excellent quality of life, Adduonal
wformation & avalable at website: he www,
vancouver.wsu.edu/programs /sci/.

wisc.edw. Three lewers of recommendation will aBo
be required through the online service directed wo:
Chair, Faculty Scarch Committee, Department of
Chemistry, University of Wisconsin-Madison, 1101
University Avenue, Madison Wisconsin 53706~
1322, To puarantee full consideration, all materals
must armive before October 1, 2007,

The Uliversity of Wistousin is an Egual Opportunicy/
Affirmanie Action Employes;  applications from gualified
wonras and wrivority candidares e ercoenped.  Unless aonrs
fideantiality & wgueed v writing, infomnation reganding e
idetity of the applicant must be weleased

Applicants should submit currculum vitae, copies
of two publications, summary of research accom-
Pli!-hlr'.‘nL\, statement of lu:.u.'hing phihm:ph}' and
mterests, and three letters of reference to: Molecular
Genetics Scarch, Washington State University
Vancouver, 14204 N.E. Salmon Creek Avenue,
Vancouver, WA 98686-9600. Review of com-
pleted applications will begin on October 15, 2007,

Wasiperon State Dvinrersity 15 an Bgual Olpportinety
Affrrnative Avtion Educator aud Employar. Mensiers of groinps
Risparically wrderngpicsenied in gwvee g stongly moarraped
w gy

DIRECTOR, MOUNT SINAI MELANOMA
CENTER
The Mount Sinai Medical Center
New York, New York

The Mount Sinai Medical Center & secking an
outstanding soentist to serve as the Director of the
Mount Sinai Melinoma Center.

Mount Sinai i currently ranked among the top 20
meedical schools in NIH funding and & commited o
establishing one of the nation's premicr cancer
programs located in an academie full service medical
center. Resources are being provided w recruit and
retain the highest quality seientiss and clinicians,

In an minative co-sponsored by Mount Sinai’s
Departments of Oncological Scences and Derma
twilogy, the Director of the Meanoma Center will
have the opportunity to buikd an outstamding com
prehensive melanoma program with an emphasis on
translational research leading to therapeutic break-
throughs, We invite applications from senior inves-
tigators with either a PhD. or M. and a srong
rescarch focus in melanoma. The successful candi-
date will peceive generous startup funding for this
program,

For consideration, please submit curriculum vite,
a statement of rescarch interests, copics of three
publications, and the names and contact informa
tion of three or more references to c-mail : melanoma-

search@mssm.cda.
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UNC-Chapsl Ml SPH The Nutrition Research Institute (NRI) and the Department of

gg;g?&gﬁ .‘\!utri@un in 1!11.: Su.:hur:ﬂ of P}li’_!|it' “l.:-illlh‘:I_I th'..: Uniw;sity -u_t",\]urlll

INSTITUTE Carolina at Chapel Hill are jointly recruiting for the following ten-

—r— ured or tenure track positions o be located in Kannapolis, NC (near
Charlotte):

A world-class research leader for the Nutrition and Obesity/Eating Disorders team of 4 to 5 faculty
members.

online @sciencecareers.org

A world-class research leader for the Nutrition and Cancer team of 4 1o 5 faculty members.
Four faculty members to be part of the Nutrition and Brain Development rescarch team.

Three faculty members with methods expertise: metabolomics (1), nutrigenomics (1) and nutrient intake
assessment (1) who will be part of all 3 research teams.

Science Careers

We offer: A world-class facility focusing on nutrigenomics and metabolomics as they apply to human nutri-
tion * Hard money suppornt for researchers » Excellent start-up packages » Brand new labs and office space =
Capacity to do human and mouse rescarch « Major investment in state-of-the-art instrumentation and equip-
ment in metabolomics and nutrigenomics = Outstanding ntellectual environment on campus with programs
from 7 universities

For more information about the NRI or to apply. visit our website, www.uncnri.org.

We strongly encourage applications from women, minorities and individuals with disabilities.
The University of North Carolina at Chapel Hill is an Equal Opportunity Emplover.

vty of Lal formea
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The I Lise MoiTin Cancer Center & Research Institute, an NCl-gesignated Comprehensive Cancer Center, and
the Universty of South Florida College of Medicine's Department of hterdseiplinary Oneology are seeking
candickates at the Assistanb AssociateFull Professor rank to parteipate in the Moleeular Oncology Program.

The Department of Uralogy ot the University of
Cahfornia, 3an Francisco, 1s recruiting for two
fitll-time foculty base rescarch scientists at the

In-Residence or Adjunct serics with an academic The soecesaful candidates mnst possessa PR or M., degree and a demonstrated potential for extranural
rank at the Assistant/Associate Full level depern- funeding, Incividenls with a research interest in protecmics are especially encouraged o gpply, but any aress of
dentonthe applicant’s level of experience. Appli- emve regulation, signal transdaction, cancer genetics, and fmetional gencmics will be considemsd.
cant should have o Ph.D. or equivalent degree in
anc of the following arcas: molecular biology, Applicants wost have a proven track record of ndependent research and demorstrated sustained
genetics, virology, micrbiology, biochemsiry or extramiiral funding. Inaddition, the Associate Professor mnk regiiires o beast (ive years experience with
biology. Candidstes should have solid research continuing and productive service a5 an Assistan Pofessor. The Professor rank mquines docmmentation of
expenence supponed by a track vecord of publ- national recognition, leadership ability and at least five years experience with continuing and productive
cations and extramural funding. 4 genume mier- servieeas an Assodate Professor. The positions may be tenure earning and salry s negotiable.
est and expertise in teochme and conduct basic
“:E“_"“"h within their suhsm:_mlly arca. Send letier Please reference posilion no. 12315, Interested candidates should send cardealom vitae and a brief
of intercst and euriculum vita 1n: stalement of major academic interests in one single pdf document 1o The Molecular Oncology Search

Peter . Carroll, MD E:::J;:jt:ﬁ:ﬁ;i:&ﬁ[awnﬂﬂumg. Application review begins Septomber 7, 2007; the positions

Professor and Chair, UCSF Depariment of )
Urology
Attention: Penny Chee HLLER
400 Parnassus, A62H
San Francisco, CA 94143-0738 mw
Tha End 0 Cancer Bagins Hare. -,
LCSF seeks comdidates whose experiive, A National Carcar Ingtitute
teare i, rescarel, or conmnity service has e marae o g HE ﬁ‘); H

prepaned them fo contribute kv our commiimens /

de dliversity and excellence. UCSF is an

Affirmaiive Action/Equal Opporinnity Employer. USF Henlth i committed I inereasing its dicersity and wil gioe irelividul asnsideration o qualifial

cipdicensed s for this posit don wilh expeviece i ethimoolly diverse soltings, vl possess viaried fangnomge skilx,

Fihe University undertakes affirmative action or arheo have g reoond of researol that suppontsborefits dicerse commnnit s or toacling o dicerse stidol
fir axnre egual emplovnent apportunit for peprdation The University of Soarth Flornda Is an EOEAAA Emploger. For disability oo odalime, omdoet
underutilized minorities and women, for persons KantheyLordm af (813) F45-1451 a wvivionem af five woing dings foadonee. Acrording fo FL lawy appdfrations
with disabilities, and for covered velerans, Al and meetings rgarding them are apen o the purllc. ’

gualified applicants are encouraged to apply, N 4 .
including minorities and women. WW “1“{][}_”_[ or g -~
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FACULTY POSITIONS

BIOANALYTICAL CHEMISTRY FACULTY
POSITION. The Deparvment of Chemisiry at the
University of Kansas is seeking exceptional candi
dates for a tenure-track, ASSISTANT PROFES-
SOR position in boanalytical chemistry expected 1o
begn Augus 18, 2008, or thercafier, This successful
candidate will become a member of the Balph M.
Adams Instiute for Bioanalywical Chemistry. The
Univemsity supports a very collaborative and cross
disciplinary rescarch environment, and shared instru
menation resources for bioanalytical research are
outstandmg. They indude state-of-the-art microsco
pv equipment, an 800 MiTz NMR, Fourer Trans-
form and MALD] TOF/TOF mass specrrometer,
and a microfabrication faclity with a class 100 dean
room, inductively coupled plasma reactive-1on etcher
and plasma enhanced chemical vapor deposition.

The succesful candidate will develop a vigorous
rescarch program in bicanalviical chemistry and
teach ar the undergraduate and graduate levels, so
a PhD. in chemistiry or a closely related fichd is
expected by stare dare of appoimtment, and post
doctoral expenience is desirable. Salary is competitive
with those at other rescarch universities.

Applicants should submit a letter of interest;
curnculum vitae; a brief summary of two to three
rescarch proposals, two pages each; a two-page
staement of teaching philosophy, experose, and
interests; and should arrange for the submission of
three letters of recommendation w: Jan Akers,
Bicanalytical Search Committee Coordinator,
1251 Wescoe Hall Drive, Room 2010 Malotw
Hall, University of Kansas, Lawrence, KS 66045

7582. E-mail: jakers@ku.cdu; telephone: 785-
B64-3471. Inivial revvewe o applrearions ol hegie Chesabar 1,
2007, and will coutimee il the pesition & fllod. Egoal
Clpportimaity £ Affnnative Adion Enrplaypor.

ASSISTANT PROFESSOR
Temple University
Department of Chemistry

The Department of Chemistey at Temple Univer-
sity bivites applications and nominations for a tenure -
track feulty position at the Assistamt Professor level
in the arcas of biochemistry, organic or matcrials
chemistry. Applicants are expected to demonstrate
strong potential for establishing a vigorous research
progeam funded by peer-reviewed rescarch grants
and for developing excellence in waching. Salaries
are highly competitive and substantial resources have
been provided for startup funding. Ample newly
renovated laboratory space s available.

Applicants should submit curmiculum vitae; a state-
ment of rescarch interests and (if applicable) current
grant suppaort; a statement of teaching philosophy;
and three letiers of reference to: Dr. Robert |. Levis,
Chaimman, Department of Chemistry (0 L6-00),
Temple University, Beury Hall, 1 3th and Norris
Strects, Philadelphia, PA 19122, Review of apph-
cations will begin immediatel and will continue until
suitable candidates are identified.

Temple Uriversity s Equal Oppartumsirp /A ffirmative
Action Emploper. The Deprartinent spaifically it aund' ar-
domnages applications from sromen and snmanities.

Montana State Unniversicy Department of Microbiol-
opy secks an infectious diease MICROBLIOLOGIST
for a tenure-track position at the ASSISTANT, AS
SOCLATE, or FULL PROFESSOR level Respon-
sibalivics include teaching &t the undergraduate and
graduate levels and developing or maintaining an ex
tramurally funded rescarch program. Candidates for
this pesation should have curent extramural funding.
Competitive salary and startup funds ane available. For
more infirmation and to apply pleae swee our website:
http: /S www.montana.edu cgibin /msuinfo /

fE\'i:w,r_"fﬂ-iﬂi-l. Screening of apphanons will be

n Ot 5, 7, and continue unil the position
is filled. MSU, Bozeman, & an ADAAfimatioe Action/
Egud Opportwnity/ Peterans” Proference Bmplayer.
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FACULTY POSITIONS

FACULTY POSITIONS

IES

TWO ANTICIPATED POSITIONS in
ECOSYSTEM SCIENCE
Institute of Ecosystem Studics

The Insotute of Eoosvstem Studies secks two m
dividuals ar the level of ASSISTANT or ASSOCIATE
SCIENTIST. ‘The succesful candidates will have a
prowen rack recond of reseanch funding and publication
e pop scientific journals, We are particulardy inter-
ested in rescarch interests that relate wo: (1) The
impacts of global change on forest and associated
coesvstems, Ecologists studving the future compaosi-
tion, biogeochemical function, and /or management
of forested ccosvatems in the face of climate change,
exurban development, invasive species, or potential
large-scakbe biofuel production are particulary encour-
aged woapply. (2} The ecology of infections discases.
Ecologsts studving zoonoses, wildlife discases, amd
plant diseases caused by viral, bacterial, fungal, pro-
toR0AN, Or metagoan parastes are welcome to apply.

The Instimate, a prvately endowed rescarch and
educaton organization located on a 2,000-acre ar
boretum in the Hudson River Valley of New York,
currently hosts a staff of 16 sdentists, who invest-
gate human impacts on foeest, freshwater, and urban
cooavstems, We seek individuals who can join this weam
and establish interdisciplinary collaborations that extend
the Institute’s work o consider human interactions
with ecosystems, especially in light of global change.
Visit us at website: hrep:/ Mwww.ecostudics.ong,

We will begin o review appheations on | October
2007, with the anticipation of filling these positions
in early 2008, Apply by sending curnculum vitae,
statement of research intereses and goals, and the names
and addresses of three potential references toc Human
Resources, The Institute of m Studies, Job
Reference # 07029-5C1, PO, Box AB, Millbrook,
NY 1 2545; e-mail: pobs@ecostudies.org. The Tnitune
aof Erowystenn Studies s an Eguadl f—.l]'.l]'.ulrrmru;r'.-'.'i_&murur Aeonr

Englaper. Women aund sinasities are encounged fo apyly.

INORGANIC CHEMISTRY FACULTY
SEARCH 2007-2008

ASSISTANT PROFESSORSHIP, INOR-
GANIC CHEMISTRY., The Department of Chem-
wstry at Washingron University i St Louis secks
fill a pesition 1o begin in the Gl 2008 in any area of
inorganic chemistry including at the interfaces with
bigdogical and materials chemistry, The development
and maintenance of an outstanding rescarch pro-
gram and the reaching of core chemistry courses at
the undergraduate and graduate levels are required.
Candidates must have a complered Ph.. degree in
hand at the time of appomtment. Applications s hould
consist of curticulum vitae and a concse research
proposal or proposals. These documents are w be
stbmitted in electronic form as POF (portable docu-
ment format | files to e-mail: search@wuchemawustl.

edu with the subjea line “Inorgamc Chemistry
TFaculey Search.” Applicants should also arrange for
threc letters of reference w be sent toc-mail: scarch@
wuchem . wustledu, with signed originals sent wo:
Inorganic Chemistry Faculty Search Committee
Departiment of Chemistry
Campus Box 1134
Washington University
One Brookings Dirive
St. Louis, MO 63130-48%%
Fax: 314-935-4481
Completed applications for the position must be
received by 15 October 2007, to ensure inclusion in
the mitial review. However, applications received
later will be accepred and reviewed until a candidare
has been hired or the search discontinued. 1V asliman
Ulniversity i an Bganad- Oypypostiniey, Affirnatioe-Amion Enply-
er. fodiidnals s undermpersartad g ane epedally e
aped fo apply

RANDOLPH-MACON COLLEGE
Bivlogy Department

The Depanment of Biology invites applications for
two tenure-track posittons at the rank of ASSIST -
ANT PROFESSOR beginning August 2008, The
department secks an EVOLUTIONARY BIOLO-
GIST and an ECOLOGIST. The standard teaching
lovad is vwo lecture Aaboratory courses per semester,
which is equivalent to a combination of lecure and
lecture MAaboratory courses thar toral 24 reaching
credit hours, The successful candidates will reach
anmually in an innovative inguiry-based inroductory
biology course and will contrbute to s ongoing
development. They will also be expected o develop
wpper-level courses in thear specalty. Ongoing schol-
ady activite invoelving undergraduates is expected.
Applicants must have a Ph.0). and be able to dem
onstrate teaching effectivencss. Review of applica
tions will begin on October 31, 2007, and continue
until the positions are filled. Applicants should
indicate which position they are applving for and
submit: (1) curmculum vicae, (2} a statrement of their
twaching  philosophy and research plans, and (3)
three letters of reference. Applicatons and inguiries
ur Ms Barb Wirth, Randolph-Macon College,
PO, Box 5005, Ashland, VA 23005, Applicais are
apedally ervonraged _ri'ulf.lr nsrentes ard g, Randpli
Macow Collepe & an Equal Oppermeiy Enployer

FACULTY OPENING
School of Chemical and Biomolecular Engincering

Locaved i [thaca, New York, Comell University
i a bobd, innovatve, inclusive, and dyvnamic teaching
and research University where staff], faculty, and
students alike are challenged to make an endunng
contribution o the betterment of humamity.,

Comell University invites applications for a
wenure-track position in the School of Chemical
and Biomolecular Engincering at any rank (AS-
SISTANT, ASSOCIATE, or FULL PROFES-
SOR) consistent with the candidate’s experience
and achievements. All research areas wall ]i'lc' comn-
sidered, with preference given to those in the broad
area of biomolecular engineering.

Interested candidates can learn more about this
position at website: heep://www.cheme.cormell.
edu/news.

Correll is commisied o being a supporive, familp-onemied
1'rulrIJf-1].‘|'r. ool Urnwersity i an .-I__hlirm.mn'q' .'|.|'H|'Iﬂ."'l:'|i|rnlf
Oypywetninity Esploper and Educanor. The Sehood of Clevnical
il Biveneleilor Bagneenng, and the Colloge of Eugineedog,
are coananited 10 dnereasiing e diversity of the falty and e
sty ocourrage peple frome snnderrgrrscnted enionty ik
.‘l'rnhuuh T ..:p_lp!:,'.

FACULTY POSITION, HEARING and BA-
LANCE. The Department of Ouolarvngology,
Head and Neck Surgery at Johns Hoplins Univer-
sity School of Medidne is recruiting a research
faculty member studving auditory or vestibular
neuroscience, with particular interest in molecular
mechanisms and approaches. The posinon will b
affiliated with the Center for Heanng and Balance
{website: htrp: //webhosts, nts jhu.edu /chb,/),
an interdepartmental rescarch COoOperative spanning
cellular to behavioral analyses of audition and ba-
lange. The position will be tenure-track and includes
substantial ﬂh:wmq' space and startup funds. Addi-
tional funding may be available through an endow-
ment dedicared 1o the study of Meniere’s discase,
PMease send curriculum vitae, rescarch plan, names
of three references and up to three publications
(PDE) mo laver than December 1, 2007, to e-mail:
otojob@jhmi.edu. Recommendation letters should
be sent o this same e-mail address. falis Hopleines
University s anmitted fo palides of Equal Oppactunity and
Affnnative Action wdvide are sseatiol W is amission o prs
moting reseand, senice and asademic evoellenee
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Tulane
University

FACULTY POSITION IN
DEVELOPMENTAL BIOLOGY

The Department of Cell and Molecular
Biology at Tulane University (hitp:
ifeell.tulane.edu) anticipates filling a tenure-
track position beginning July 1, 2008, ot the
level of Assistant Professor Targered are
individuals whose research imieresis focus in
Developmental Biology, with an emphaziz on
mammalian onganegenesis. The Department is
undengoing a rebuilding process and has targeted
Meuroscience and Developmental Biology
as arcas for rapid growth. Applicants must
have a Ph.DD., at least 2 vears of postdoctorml
experience, a strong publication record, and
show strong potential for obtaining extemal
funding. The successful apphicant will be
expected 1o establish a vigerous, independent
research program and to pamicipate in graduate
andl undergraduate teaching. Opportumities exist
for research collabomtions and participation in
the Tulane Cancer Center, the Tulane Primate
Center, the Center for Bioenvironmenial
Research, and the Tuline Neuroscience Program.
Applicants should send curriculum vitae, a brief
statement of research interests and three letters
of recommendation by December 1, 2007 wy;
Dr. David Mullin, Chair, Department of Cell
and Molecular Biology, Tolane University,
2000 Percival Stern Hall, New Orleans, LA
T0118.

Tulame University is an Equal Opportening
Affirmarive Action Emplover amnd encourages
ereinerrity aond female applicants fo appdy.

il
| —
R —— WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER

The Westfalian-University (Westfilische Wilhelms-Universitit Mlnster) has recently founded a European
Institute of Molecular Imaging (EIMI) initiated in a public-private-partnership between the university and
Siemens Medical Solutions.

EIMI is a central academic institution of the University of Munster working in the field of developing,
validating and applying molecular imaging techniques. EIMI is structured inte two major areas of work,
one being “Target Biology & Chemistry®, the other *Technology & Imaging™. The inter-faculty construct
of EIMI, involving the faculties of medicine, chemistry and pharmacy, mathematics and computer sciences
and physics, provides a broad spectrum of expertise from medicine, natural and computer sciences.

EIMI hereby offers the following position:

University Professor (W 3) for
Target Biology & Chemistry

Candidates should have proven expertise in studies of basic molecular mechanisms of diseases, identification
of molecular targets, design, breeding and surgery of wildtype and transgenic animal models, histology
and tissue processing.

The position will initially have a limited tenure of 5 years. Prerequisite for the application are scientific
achievements as a junior professor; alternatively, scientific achievements can result from a postdectoral
lecture qualification (habilitation), work as a research scientist at a schoaol of higher education/university,
non-university institute, industry, administration, or other fields of society within or oulside Germany.

Applications are invited by physicians and natural scientists. Candidates are expected to participate in
collaborative research of the existing Collaborative Research Centres [Sonderforschungsbereiche) of the
university and in transfer of research results.

The future holder of the position will be expected to teach and examine relevant subjects.

Applications of women are specifically invited. In the case of equivalent qualification, competence, and
specific achievements, women will be considered on preferential terms within the framewark of the legal
possibilities. Handicapped candidates with equivalent qualifications will be given preference.

Documents in suppoart of an application, enclosing OV, scientific career, structured catalogue of publications,
acquired third-party funds and reprints of the five most important publications should be submitted to
the European Institute of Molecular Imaging, Technologiehof Minster, Mendelstr. 11, 48149 Minster,
Germany, by sth October 2007,

FACULTY POSITION

Department of Molecular Biology
Massachusetts General Hospital
Department of Genetics
Harvard Medical School

The Depanment of Molecular Biology at Mas-
sachusetts General Hospital and the Depart-
ment of Genetics at Harvard Medical School
invite applications for a joint appointment at
the level of Assistant Professor. The labora-
tory will be located in the Massachusetts
Cieneral Hoespital Department of Molecular
Biclogy (http: /maolbio.mgh.harvard.edu)
and the faculty appointment will be in the Har-
vard Medical School Department of Genetics
(http://genctics.med.harvard.edu),

Applicants should apply via electronic sub-
mission to the url listed below. Please submit
a curriculum vitae, statement of research plans
and up to three relevant publications, all in pd!
format, by November 15, 2007. In addition,
provide the names and email addresses of
three references.

The URL for submission is:
http:/molbio.mgh.harvard edu/faculty
searchf

Harvard University and the Massachusetts
Greneral Hospital ave Equal Opporiunity
Affwmarive Action Enployvers,

We encevirage applications from women
and minovities.

UNIVERSITY

TWO TENURE-TRACK ASSISTANT PROFESSOR
POSITIONS IN ECOLOGY
N University of Dayton, Department of Biology, Dayton OH

The University of Dayton, Department of Biology invites applications for two Assistant Professor tenure-
track faculty positions in Environmental Ecology, and Community/Conservation Ecology, to begin August
200, These two positions are supportive of the Biology Environmental Biology Degree programs and the
Sustminability, Energy and the Environment ( SEE ) imtiatives at the Umiversity of Dayton.

Position 1: Environmental Ecologist: The Department of Biology sceks to hire a tenure-track Environ-
mental Ecologist at the Assitant Professor level, Areas of specialiation may nclude the dynamics of
enviranmental change, ecological suceession, invasive spocies and ceological restoration. Preference will
be given 1o ecologists working with plams or plantammal interactions. The successful candidate will be
expected o teach an undergraduate course in ccology, plant biology. ecological restoration or introductory
biology and an undergradunte’'graduate course appropriate to their specialiy,

Position 2: Community/Conservation Ecologist: The Depanment of Biology seeks to hire o tenure-imek
Commumity/Conservation Ecologist at the Assistant Professor level, All bevels and arcas of ecological
spec mlization will be considered. The successlul candidate will be expected to teach an undergraduate
course i ceology, conservation biology or introductory biology, amd an undergraduate/graduate course
appropriate to their specialty.

Requirements for hoth positions include a Ph.D., relevant post-docwoml expenience and a commitment to
excellence in research and teaching. The successful candidme will be expected to develop an extramurally
funded rescarch program which will involve Ph.D., M5, and undergraduste students in his'her reseanch
pmgrum.

Please serd acover letter, curnculum vitae, selected reponts, at Jeast three letters of recommendation, and
statements of research interest and teaching phalosophy by enl 1o: EcologySearchimnotes udayton.edu,
or send an clectrome copy on CD w: D, P Kelly Willlams, Chair of Search Committee, Department
of Biology, Universiiy of Dayion, 300 College Park, Dayton, OH 45469-2320. Copics ol graduaic tran-
seripts will be required prior to interviewing. The Search Committee will begin reviewing ap plications by
MNovember 15, 2007, with on-campus interviews planned for cady January, 2008, The search will continue
until the positions are filled.

The University of Daytan s o povate comprehensive rescarch Umiversaty located in the Columbus—Dayton-
Cincinnat metroplex. Please visit our websate: hittpafbiology.udayton.edu.

The University of Denvton, o Comprefensive Catholic Universite founded by the Societ af Mary in 1850,
is an Affirmative Action/Equal Opporianity Enypdaver. Women, mivorifies, individuals with disabilitics,
and veterans are sirongly enconraged o apply. The University of Davton is firmly comm ited o the
principle of diversife
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FACULTY POSITIONS

ASSISTANT PROFESSOR of BIOLOGY

Penn State Erie, the Behrend College, inviws ap
plications for a woure-track position in microbiology
to begin August 2008, Candidates must have a
strong commitiment to undergradiate teaching and
to research, PhY, required; postdoctoral and reaching
experience preferred. Expectations: teach introdue
tory microbiology with laboratory, ability o teach
mapors course in ammunology s desirable, o
alternate with upper-level course in field of experise;
establish an active rescarch program involving
undergraduates; seck external funding,

P'enn State Enc s a four-vear and graduate college
of "enn Stare University with over 4,000 students,
The College is commited to balance between
weaching and rescarch. The School of Scence offers
four-vear majors in biology, chemistry, computer
scienee, mathematics, physics, and general science.
The faculty conducts rescarch in ccology, molecular
biology, developmental biology, gencocs, and ol
biology. Biology teaching and rescarch laboratories
are newly renovated and inclide a confocal micro
scope and a scanning electron microscopy facilivy.
Pennsvivania Sea Grant s affiliated with Penn Stave
Ene.

Ene, Pennsylvania, a metropolitan arca of 280,000,
15 a major industnial, service, and tounsm center on
Lake Erie’s Presque Isle Bay, locawed owo hours from
Cleveland, Pitsburgh, and Buffalo. The Ere region
offers many cultural, spores, and academic resources,
including five colleges and universities. Residents en-
jov modest living costs and affordalble housing,

Send curnculum vitae, copics of graduate and
undergraduate ranscripts, teaching and rescarch
st tements, i.nl:lud.ing a l1ri1:t'1:!up|.1n.1liun of suitabil
ity of research at an underpgraduawe college, and
nanmes and e-mail addresses of three references v
Dr. Roger Knacke, Penn State Erie, School of
Sdience, D t BIOL-A , 4205 College Drive,
Erie, PA, 16563-0203. Application screening will
begn October 26, 2007, and continue wnul the
posiion is filled.

Pepn State & comnintad 1o Affemiatiee Aoion,  Epuedd
Oypmwtiniry ansd the divesity of its workdforce,

ORGANIC CHEMISTRY FACULTY POSITION

University of California, Los Angeles (UCLA)

As part of a hiring campaign to make multiple
tenure-track faculty appointments in core and inter
disciplinary arcas of Chemistry, the Organic Division
at UCLA inwites applications for a tenure-track po-
sition at the ASSISTANT PROFESSOR kevel in all
areas of organic chemistey, ineluding but not imited
o, organic materials, organic syithesis, physical oc-
ganic chemistry, and chemical biology. Applicants
are expected o have earned a PhuD. degree in or
ganic chemistry, and o be strongly committed o
both teaching and research. Successtul applicants wall
show evidence of exoeptional ongnality and promise,
and aspire o establish a world-class research pro
gram in a stimulating environment that fosters col
laboration and values diversity. Applicants should
mail curriculum vitae (induding research accomplish-
ments, teaching experience, and publications), a de
tailed research and teaching plan, and supponing
lemers from at least three references, Completed ap-
plications should be received by October 31, 2007,
and directed v

Chair of the Organic Search Committee
Department of Chemistry and Biochemistry
University of California, Los Angeles
P.O. Box 951569
Los Angeles, CA S0095-1569

The University of Califomia, Los Angekes, and vl Diepars-
mient of Chemotey amd Biadeemistey are aeterestod i candi
iiates aarlin e commitned fo ol Teplest standands of scholas liip
aird prosfessiovnal activities, wnd fo the developiont of 0 campis
alimute thit supports equality and divesiey. Women and mi-
nomne ant encnnnged to apply. The University of California
is an Affireative Action gl Oppocsnity Emplo per.

1602

POSITIONS OPEN

FRED HUTCHINSON
CANCER RESEARCH CENTER

M.D. or M.D./Th. D, PHYSICIAN /SCIENTIST
or Ph.D. TRANSLATIONAL SCIENTIST
Position Available
Fred Hurchinson Cancer Research Center
Seattle, Washington

The Fred Hurchison Cancer Rescarch Center
(FHCRC) 15 recruining a faculty member at the AS-
SISTANT, ASSOCIATE, or FULL MEMBER
level wath actve laboratory rescarch related 1o breast
cancer. Physician /Scentists with strong laboratony
research and dimical expertise in a breast cancer-
relaved discipline or Ph.I. candidates with active
vranslational rescarch interests in breast cancer are
strongly encouraged to apply. The successful candi-
date will join the large Breast Cancer Research group
within the FHORC, University of Washington Cancer
Consortium; a dynamic cross-disciplinary research
team dedicawed to improving prevention, detection,
diagnosis, prognosis, and treatment of breast cancer.
The primary appointment will be in the Clinical
Research Diasion of the FHCRC. If disired, a joint
appointment may be made to other divisions ar the
Center and to the full time faculty in an appropriate
department at the University of Washingron.

Interested individuals should forward thar cur
riculum vitae, induding a research plan and the
names of five references, 1o Suzanne Lentz, Fred
Hutchinson Cancer Research Center, 1100 Fair-
view Avenue N., Mail-Stop: CL-015, I.O. Box
19024, Scarde, WA 98109, The closing dare for
applications is November 1, 2007,

e Fred Hinclingoin Caner Rescands Center o i Affr-
mane Agion, Bl Qpponiy Lmplopo,. We ae deds-
uited do beutklivig o cultinilly divvrie facalty and strandly enconnige
applications fonn wveon, eoninies, inafividls sl disabilives,
dnd domad peienin.

FACULTY POSITIONS

BIO-ORGANIC CHEMIST, The Williams
Cuollege Chemistry Department invites application
for a wenure-track position at the ASSISTANT
PROFESSOR level for fall 2008, Senior appaoint
ment possible i excepional circumstances. Initial
teaching assipgnment, depending upon the successful
candidate’s subspecialty, will incude two courses
from: sophomore-level organic chemistry, enzvime
kinetics and reaction mechanisms, biochemistry, amd
a course for nonscence majors. A semester teaching
load normally includes complete responsibility for
one course and two laboratory sections, and super-
vision of student research projects. Candidages
should have the PhIY. or completed dissertatnon by
September 2008 (postdoctoral experience s pre-
ferred). The successful candidate must have a strong
commitment both to weaching at the undergraduare
level and to developing a productive rescarch pro-
gram. Williams (flmcp: is a highly scective, co-
educational liberal ans institution of approximately
230 faculey and 2,000 undergraduares, located in
northwestern Massachusetts. The Chemsery Diepart
ment is composed of 12 faculty members and
graduates about 25 to 30 maors each vear; the
Department has excellent facilities for teaching and
research. The College is actively working to increase
the divemsity of its science majors and secks an
individual who can help us meet these goals, Mail
resume, undergraduate and graduate rranscripis,
descriptions of waching philosophy and  research
projects for undergraduates, and theee letters of rec-
ommendation w: Prof. Enrique Peacock-Lipez,
Chair, Department of Chemistry, Williams g:i—
lege, Williamstown, MA 01267, by November 12,
2007. Electronic applications will not be accepted.
For additional information about the Chemistry
Department, please visit our website: heep: //
u'n!w“ﬂh::ns!ldufﬂimutq'

Williams College & Egual  Cyportindty L Affimnaiioe
Anan Emiployer.

The Division of Public Heath Sciences of the Fred
Hurchinson Cancer Hesearch Center invites appli-
cations from laboratoey-based scieniises with an incer-
est in molecular disgnosics, incuding bt not limited
o aspects of predictive medicine, carly detection, dag-
nosis, treatment response, and risk assessment.

Further informanion is available a website: hgps ’f
www.fhere.org/about fjobs/ and sclecting joby post-

ing identification & KW-21205.

FACULTY POSITIONS

INORGANIC CHEMIST. The Williams Col-
le e Chemistry Department invites applications for a
wnure-track position at the ASSISTANT PRO-
FESSOR level for fall 2008 in the general arca of
inorganic chemistry. ( Senior appointment possible in
exceptional circumstances.) Initial teaching assign-
ment, depending upon the successful candidare’s
subspedalty, will include two courses from: intro
ductory chemistry, sophomore inorganic and phys-
ical chemistry, advanced inorganic /organomerallic
chemistry, and mstrumental methods of analvsis. A
semester s teaching load normally includes complete
responsihility for one course and two Liboratory sec
tons, and supervision of student research projects.
Candidates should have the PhY. or completed dis-
sertation by Seprember 2008 (postdoctoral experi-
ence is preferred). The svecessful candidate must
have a strong commitment both to teaching at the
undergraduate level and 1o developing 2 productive
rescarch program. Williams College is a highly selec-
tive, cocducational liberal arts institution of approx-
imately 230 faculty and 2,000 undergraduates,
locared in northwestern Massachusets. The Chem-
stry Department is composed of 12 faculty members
and graduates about 25 w 30 majors each vear; the
Department has excellent facilities for waching and
research. The College is actively working o increase
the diversity of ns scence majors and secks an
individual who can help us meet these goals. Mail
resume, undergraduate and graduate transcripts,
descriptions of teaching  philosophy and research
projects for undergraduaies, and three letters of rec-
ommendation to: Prof. Enrque Peacock-Lopez,
Chair, Department of Chemistry, Williams Col-
lege, Williamstown, MA 01267, by November 12,
2007, Electronic applications will not be acceped.
For addivional information about the Chemistry
Depantment, please visit our websive: hip:
www.williams, edu/Chemistry.

Wilhinms Ciollope is an Egesal Olppostanricy /A ffeomative
cAetion Enployer

ASSISTANT PROFESSOR
Department of Biologcal Sciences
Murray State University

Full-time, tenure-track position w begin August
2008, Qualifications: Ph.D). with research imterests
at the cellular bevel required. Specific rescarch arcas
are open: cdlular bicinformaties, cell signaling, or
cell differentiation are preferred. Must demomerate a
strong commitment w establishing a research pro
gram involving undergraduare and graduare stu-
dents. Postdoctoral expenence preferred; recent
Ph.>. graduates with a strong publication record
and the potennial to attract extramural funding wll
be considered.

Besponsibilivies: Teach undergraduare and gradu-
ave level courses commensurate with departmental
necds and the individual candidate’s expernse. Ap-
plication deadline: Postmarked by October 15, 2007,
To apply: Submic letwer of application, curriculum
vitae, statement of teaching interest and philosophy,
description of nesearch, relevam reprints, copies of
transeripts, and three letwers of recommendanon wo:
Sterling N. Wright, Ph.D., Chair-Cell ular Biology
Search, Department of Biological Scences, 2112
Biology Building, Murray State University, Mur-
ray, KY #2071, Wamnm and minodtics are eocormged o
aoply. Mumay State University 6 an Eqoual Eduaation and
Eanplapimeart Opgwvmnty,  Muvorities /Females /Pemons it
Dsabilivies, Affirmative Adion Enplaper
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Faculty Position in
Princeton Neuroscience
Institute

Princeton University is seeking to make
the first of several anticipated new faculty
appoiniments in syslems neuroscience, as
part of the new interdisciplinary Princeton
Meuroscience Institute, with a focus on guan-
titative approaches to understanding neural
coding and dynamics.

The position is at the jumor level (assistant
professor) for a neuroscientist, with a prefer-
ence for someone using advanced genetic
and physiological technigues to dissect
neural eircuits. The appointment will be
joint between the Institute and the Molecular
Biology department,

Applicants should be prepared to participate in
teaching neuroscience at both the undergradu-
ate and graduate levels, Please send curricu-
lum vitae, a two-page research description,
and three letters of recommendation by email
to nearosearch @ princeton.cdu, All materi-
als must be submitted as PDF files. The appli-
cation deadline is October 15, 2007.

For further information about applving to
Princeton and how to self-identify, please
link to http:/iwww.princeton.cdu/dof/

applicantsinfo. htm.

Prineeton University is an Egqual Opporiu-
nity Emplover and complies with applicable
EEQ and affirmarive action regulations,

The UC Davis Genome Center integrates experimental and computa-
tional approaches to address key problems at the forefront of genomics.
The Center is housed in a new research building with sime-of-the-an
computational and laboratory facilities and cumrently comprises 15 experi-
mental and computation faculty. These faculty are developing an inter-
nationally recognized program in genomics and computational biology
al Davis, building on and enhancing the unigue sirengths and unmatched
breadth of the life sciences on the UC Davis campus.

The Genome Center inviles applications for a tenure-track faculty position in computational and
experimental approaches to network and synthetic biology. Candidates may be at any academic
level. A the senior level, we invite applications from prominent scientists with distinguished
records of research, teaching, and leadership in analysis and manipulation of biclogical net-
waorks. Al the junior level, we invite applications from candidates whose accomplishments in
innovative research and commitments to teaching demonstrate their potential o develop into
the future leaders of these fields.

Candidates should be strongly motivated by the biological importance of their research and
should value the opportunity to work in close collaboration with other groups, The Genome
Center welcomes applications from strong candidates in all areas of networks and synthetic
biology involving medical, animal, plant or microbial systems. Investigators employing large-
scale approaches that complement existing strengths at UC Davis are particularly encouraged
o apply.

This position requires a Ph.D. or equivalent. Candidates should be strongly motivated by the
biclogical importance of their research and should value the opportunity to work in close
collaboration with other groups. This appointment will be at the Assistant, Associate or Full
Professor level in an appropriate academic departiment in any of six schools, or colleges. The
position will remain open until filled, For fullest considermtion, applicants should submit a lener
of application, a curriculum vitae, statements of research and teaching interests, and the names
of at least five references to the Genome Center Web site www.genomecenter.ucdavis.edu

by November 1, 2007.

The University of California is an Affirmative Action/Equal Opportunity Employer,

Chemical Biology/ Medical Research

Tenure Track Faculty Position in Virology
Indiana University Bloomington

The Microbiology Program in the Indiana University Department

The OHSU Department of Physiology and Pharmacology
invites applications for tenure-tradk faculty positions from individuals with a
solid chemistry background interested in applying the tools and technigues of
chemistry to biological and biomedical research. We are especially interested
in candidates having a strong bacdkground in organic synthesis and research
imterests targeting important aneas in biology and medicne.

Preference will be given to candidates for the position of Assistant Professor,
but exceptional candidates for the position of Associate and Full Professar
will also be considered. We seek individuals who will develop anindependent
research program, contribute to the teaching of medical and graduate students
and interact with investigators studying drug metabolism, signal transduction,
ion channel biology, G-protein coupded receptors and card iovascular and

reproductive biology.

OHSU affers a highly interactive research environment and superb
opporunities for career development in a spectacular Pacific Northwest
sefting. A complete application consists of a curriculum vitae, a brief summary
of research accomplishments, an outling of future research plans, and three
letters of recommendation.

Applications and letters of recommendation may be directed to:
Thomas 5. Scanlan, Ph.D.

Professar of Physiobay and Phamacology and

Director, Program in Chemical Bialogy,
Faculty Search [CB)

( 'IIH EGON

y and Pharmacology
—

&SCIENCE

UNIVERSITY

of Biology (http:/www.bio.indiana.cdu) imvites applications for a
tenure-track faculty position in Virology, including viral molecular,
cellular, and systems biology, virus or bacteriophage structure and
assembly, host-pathogen interactions, and virus evolution. This posi-
tion is part of a significant, continuing expansion in the life sciences
at 1L Bloomington and represents an exceptional opportunity to join
a strong Microbiology Program and new interdisciplinary initiatives
linked to Human Biology, Biochemistry, Plant Biology, Biotechnol-
ogy, Systems Biology, and the Medical Sciences. The successful
candidate will be provided with a competitive startup package and
salary and will have access to outstanding research resources and
cutting-edge core facilities, including biocontainment facilities. The
successful candidate will be expected to develop a vigorous exter-
nally funded research program and to participate in undergraduate
and graduate teaching. Appointment 15 expected to be at the Assistant
Profiessor level, but outstanding senior-level candidates will also be
considered.

Applicants should mail a curriculum vitae, a statement of research
(past, present, and planned) and teaching interests, and representa-
tive publications and preprints to: Virelogy Search Committee
c/o Jeremy Bennett, Department of Biology, Indiana University
Bloomington, Jordan Hall, Room 142, Bloomington, IN 47405
Mease armange to have at least four letters of recommendation sent
by E-mail to: jebennetf@indiana.edu, Questions should be addressed
to Malcolm Winkler (mwinklerfz bioindiana.cdu), Review of com-
pleted applications will begin immediately and continue until the
position is filled.

Indicna University is an Affirmative Action/Egual Opportunity
Emplayer. Women and minarity candidates ave encowraged to apaly.

online @sciencecareers.org
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& "r',: FACULTY POSITIONS OPEN
[ &, INSTITUTE OF MOLECULAR BIOLOGY
ACADEMIA SINICA, TATWAN, ROC
Two tenure-track faculty positions are open for highly qualified individuals
toestablish independent research programs in all areas of molecular and
cellnlar biology that would complement or strengthen the current topics in
the Institute, mcluding iochemistry, structural biology, developmental
biology, immunology, and plant bislogy. However, individuals with
innovative approaches that would lead to a new research program are also
highly encouraged. Applicants should have a Ph. D, degree or its eguivalents,
and postdoctoral research experience is preferred, Successful candidates will
b aprpointed at the levels of Assistant, Associate, or Full Research Fellows
(the equivalents of Assistant, Associate and Full Professors in umversities),
with o generous multi-year start-up fund, followed by annual intramural
SUppOEL.
The Institute of Molecular Biology (hitpa/fwww.imb.sinicaedu.twien) s
an active and stimulating rescarch environment: well supported by both
intramural and extramural fundings, providing highly supportive cores such
&5 imaging, genomics, bioinformatics and mouse facilities, and maintaining
close miemational connections and strong interactions with local universities,
Currently three Ph.D. programs, with one recruiting i temational student s,
are formally afilisted with the Institute. English is the official language for
reg ulur seminars and most of the lecres in the Instute, and proficiency in
the Chinese longuage is nol a prerequisiie for application,

Applicants should send their Cumculum Yite, a description of past research
secomplishments and future research interests, and three letters of reference
o

Dr. Meng-Chao Yao, Director
o/o Ms. Yivi Chiang

Institute of Molecular Biology,
Taipel, Taiwan 11529, ROC

The selection process will stant on December 31, 2007 until the positions
are filled. Further information can be obtained from Ms Vivi Chiang at

vivie® imb.sind caedu.tw

"'TJ'}
-

q

AUBURN UNIVERSITY
EOLLEGE OF SCIEXCLS
AND MATHEMATICY
Chair, Department of Biclogical Sciences

The Department of Biological Sciences ot Aubum University invites appli-
cations and nominations for the position of Chaur, Biological Sciences 15
an ntegrative depanment within the College of Sciences and Mathematics
with expertise in 4 diverse array of biological disciplines offeang M.S. and
PhD. degrees to =100 graduate students and B.S, degrees to =550 under-
graduate majors. More mformation about the department & available s hiep:
Hwwwauburmedwhiology. A nationally recognized program of excellence

in brological sciences has been identified as a Universay prionty, and severl
new departmental faculty lines are anticipated in the next two vears.
Appheaits must have a PhD. in Biological Sciences o closely related hifke
sciences disciplne, as well as a record of academie ex cellence consastent with
appomntment as Full Professor. Dynamic leadership and strong interpersonal
skills also are regquired, The Chair functions &5 an administrative scholar, pro-
viding visionary leadership to carmy the Depanment of Biological Sciences
forward in the areas of research, teaching, and outresch. The candidate selected
for this posation must be able to meet cligibility requirements to work in the
LLS, at the tme the appointment s scheduled o begim and continue workmg
legally for the proposed term of employment and be able w communicale
cllectively in English,
Applicants shoukl submit a detiled curriculum vitae, IRNSCHIPIS, FEPrescn-
tative repnnts, a statement of admimsrative philosophy, personal teaching
and research goals, and the names and contact information of o least three
refenences. Applications should be sent to: Dr Charles Savrda, Biological
Sciences Search Commiitee Chalr, Depi. of Biological Sclences, 101 Life
Sciences Building, Auburn University, AL 36849-5407, or clectronically as
FIFs to hioscichairsearchia auburn.edu, Review of appheatons wall begin
November 1, 2007
AUBURN UNIVERSITY I8 AN AFFIRMATIVE ACTION/EQUAL
QPPORTUNITY EMPLOYER. Women and minoritics
ave encowraged to apply,

5 DANA-FARBER
CANCER INSTITUTLE

Dedicated fo Discovery.. Committed fo Care.

ASSISTANT PROFESSOR

Tenure Track

Neurobiology/Oncology

The Dana-Farber Cancer Institute has launched a new program on low-
grade astrocytomas and related brain tumars in children, Dana-Farber now
seeks wall-gualified applicants for @ tenure-track position at the Assistant or
Associate Professor level, with appointment in the Department of
Neurobiology at Harvard Medical School or Pediatric Oncology at Children s
Hospital, as appropriate. Candidates are expected to direct innovative and
independent research on fundamental problems that underle pediatnc brain
tumors and to participate in the feaching missions of the [nstitute and of
Harvard Medical School Developmental neurobiology and neurapathology
are two areas of focus for the search. The position offers an attractive start-
up support package in a stmulating scientific emvronment. Applicants must
hold a PhO., M.D/Ph.O. or MD. degree, have completed post doctoral train -
ing, and have & strong record of research accomplishments. Applications
from women and mingrity candidates are encouraged,

Applicants should submit a curriculum vitae including a full list of pub-
lications, a bref statement of previous contributions and future
rasearch plans as well as the names and contact information of four

refarences 1o:
Faculty Search Committee
c/o Deborah Goff
Dana-Farber Cancer Insthute
Room SM1068, 44 Bin Street, Boston, MA 02115
E-mail: deborah_goff @dfei.harvard edu
Applications must be

HARVARD alosd by
MEDICAL SCHOOL  november 1, 2007

The Dara-Fadber Cancer fnshiule
& an Equal Ooposturty Employ,

SHARE THEVISION. FIND THE CURE

UNIVERSITY OF CALIFORNIA, SAN DIEGO
SCHOOL OF MEDICINE
FACULTY POSITIONS IN REPRODUCTIVE BIOLOGY

The University of California, San Diego has launched a major expansion
of 1ts renowned reproductive research programs, with plans to reoruit
three or more additional basic scientists al the Assistant, Associate or
Full Professor level. Applications are particularly encouraged from
scientists with programs in early mammalian developmental biology,
neuroendocrinology, placentation, pregnancy, ovarian biology or cancer,
connective tissue engineering, germ cell and human embryonic stem cell
rescarch, Applicants must hold a Ph.D. degree and will be expected 1o
teach students, conduct an extramurally funded research program, and par-
ticipate in administrative functions of the department and the University.
Ample recruitment packages and excellent research space are available.
The successiul candidate wall benefit from our highly stimulating and
collaborative environment and top-ranked graduate programs.

Applicants are encouraged to submit a letter of interest, curriculum vitae,
separate statements of research and teaching interests, and a list of five
references to: Dr. Pamela Mellon (pmellon @ uesd. edu ), UCSD, Depart-
ment of Reproductive Medicine, 9500 Gilman Drive, La Jolla, CA
D2093-0674. Applicants are welcome to include in their cover letters a
personal statement summarizing their contributions to diversitv. Review
of applications will begin October 15, 2007, and will continue until the
positions are filled,

The University of Califomia, San Diego is a campus of the University
of California, the preeminent higher education system in the world, It
is located in the heartland of La Jolla surrounded by the Salk/Seripps/
Burnham Institutes and 500-plus biotechnology companies. The series
and level of the appointments, which may include the wenure-track/ tenured
ranks, will be commensurate with qualifications and experience. Salary
will be based on published UC pay scales.
The Universiov of Califormia, San Diego, is an A ffrmative Action/
Egqual Opportunitey Emplover with a strong institutional commitment fo
the achievement of diversity among {15 foculty and staff-




ASSISTANT /ASSOCIATE
PROFESSORS

Departments of
Molecular Genetics

and Pediatrics

The Departments of Molecular Genetics and
Pediatrics {http2fwww.aecomoyw.edwhome/)
are jointly seeking candidates for two faculty
positions at the Assistant or Associate
Professor level.

We are particulary interested in the areas of
developmental genetics and trangational
research involving human subjects and
vertebrate model organisms. However,
candidates working n any  area of
developmental biclogy or human genetics
are encouraged to apply.

Applicants should submit curriculum vitae,
the names of three references and a short
description of their research plans Lo: Faculty
Search, Vivian Gradus, Dept. of Molecular
Genetics, Albert Einstein College of

Faculty Positions
Vollum Institute and Jungers Center
Oregon Health & Science University, Portland OR

The Vollum Insticuee {higp:/fwww.ohsu.edo/vollum) and the Jungers Center in association wich
the Department of Neurology announce faculty openings for ourstanding scientises. For che
Vollum search, we are particularly interested in individuals with a research focus in the general
areas of molecular and cellular newroscience, molecular genetics, development andlor mechanismi
of sigmal tramsaduction. For the Jungers search, we are interested in individuals whose work
addresses newrological diveases, especially the fundamental canses and treatments afnewral infury
and neurodegeneration as well s mechanisms of newral repair and regeneration. Labosarory
space is available in the Vollum Instimre and the adjoining new Biomedical Research Building
{htep:/fwww.ohsu.edu/ohsuedu/about/tansformation//beb). e is expected thar Jungers fculey
will hold :lppn'ml:mn:nts in the Vollum Institure and che Deparement nE‘Nu.'umlug}', Vilherm and

Jungers appointmenis are fulltime rescarch positions with minimal u:a.cl'!ing or clinical require-

ments. Ample opportuniries are available for collaborarion with dinical unies within the School of
Medicine as well as research unirs ar OHSU {fwww.ohso.edu).

Applications will be considered acall levels. We offer attractive start-up packages and the opporeu-
nity to work in an outstanding scientific environment, Applicants should have a strong record of
research and an interest in maining graduare scudents, OHSU is an equal opporounity/affirmarive
action employer committed ro maintaining diversity in its Beuley, Candidares with a Ph.1D. and/or
M.ID. and ar least several years of pcun.incmr:l cxpericnce should 1p|1|\ h:r sendi N ONE PAPET COPY,
and an electronic copy, of their curriculum vitae, a deseription of research plans and goals, and
three references by November 1, 2007 go:

Medicine, Jack & Pearl Resnick Campus,
1300 Morris Park Ave, Bronx, NY 10461;

Email: gradus@aecom.yuedu. EOE

Gary L. Westhrook, M.ID.
Senior Scientist and Co-Diirector

Vollum Institute and Jungers Center Search

®

Vollum Institute, L474 OREGON
. : v ALBERT ST LT Uﬂ.‘gﬂl‘l Health & Science Uﬂj"ﬁ"ﬂ'ﬁt}' HEALTH DH._;U-
i = 3181 SW S ckson Park Road
S24EINSTEIN Gk el &SCIENCE
N volljob @aohsu.edu UNIVERSITY

FACULTY POSITION IN
DEVELOPMENTAL BIOLOGY

The University of Georgia invites applicants fora tenure track Assistant
Professor position in developmental biology. Applicants from any area
of developmental biology are welcome; those working in mouse and'or
zebrafish are especially encouraged woapply. The successiul candidate’s
laboratory will be housed in the new Coverdell Center in an interac-
tive, interdisciplinary faculty group with diverse research interesis that
provide a supportive environment for developmental binlogy rescarch.
The Coverdell Center has state of the art animal facilities for mouse and
zebrafish research. The position includes a competitive salary, excellent
Inboratory space, and a gencrous start-up package. The successful candi-
date will be expected to develop a strong extramurally funded research
program, and contribute 1o teaching in the department of appointment.
This position is part of a planned multi-position expansion of the Inter-
departmental Developmenital Biology Group at UGA, which curremly
includes faculty from seven departments. Departmental affiliation will
depend on the candidate’s research focus. For more on the Developmen-
] Biology Group at UGA, see httpz/fdevbio.uga.cdu.

Applications received by December 1, 2007 are assured of Tull consider-

ation. Please email a CV, research and teaching statements, the names of

three references, and up to three publications (all in PDF format please)
to pabondi@uga.edu. Emailed letters are acceptable il followed by an
ornginal. Letters of recommendation should be mailed toc
Dr. Nancy R. Manley
Associate Professor and Chair
Developmental Biology Group
S270A Coverdell Center for Biomedical and Health Sciences
University of Georgin, Athens, Georgia 30602

The Frankiin Colfege of Arts amd Sciences is highly committed fo
increasing e diversity of its focalty and strongly encourages appli-
cations from members of wder-represented groups. The University of
Greorgia is an Affirmative Action/Egual Opportunity Emplayer

CANCER BIOLOGIST
Tue Ben May DeparTmenT For Cancer RESEARCH
Tue UniversiTy of CHiCAGO

The University of Chicago is seeking applicants [or a tenure-track posi-
tiom at the Assistant, Associate or Professor level. The Ben May Depart-
ment for Cancer Research (http:/Yhuggins.bsd.uchicago.edu) 15 a basic
research unit that for over 50 yvears has been commuitted to the study of
cell signaling mechanisms. Qur Depantment is located in the new Gordon
Center for Integrative Sciences that comprises faculty from Chemistry,
Physics and the Biological Sciences. The current faculty is committed
1o an interdisciplinary approach using established and newly emerging
biochemical, genetic, imaging. molecular and structural biological tools
toattack basic problems in signal transduction. We are seeking outstand-
ing individuals interested in diverse aspects of wmor progression and
metastasis, including, but not limited to, mouse models or other model
organisms, drug discovery, proteomics, bioinformatics, genomics and
computational biology.

The Ben May Department is closely affiliated with graduate de gree-grant-
ing programs in the Biological and Physical Sciences, and Department
[peulty have access to outstanding PhD and MIDPhD students, Candidates
should have sufficient research experience to demonstrate both significant
accomplishments and outstanding potential. The successiul recruit will
be expected to teach undergraduate and graduate students. Curriculum
vitae, bibliography, a brief statement of research interest and three letters
of recommendation should be sent 1o Geoffrey Greene, Vice Chair, Ben
May Department for Cancer Research, Gordon Center for Integrative
Sciences, 929 East 57" Strect, Room W330, Chicago, 1L 60637,

THE UNIVERSITY
OF CHICAGO

The Universiny af Chivage ix an Afftrmative Action/
Egual Opportunity Employver.

online @sciencecareers.org
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SCHOOL :lIF MEeDICINE The University of Texas Medical Branch

THE Bowsax Gray Canmrus

FACULTY POSITIONS IN VIROLOGY

The Department of Microbiology and Immunology of Wake Forest Uni- The newly established Scaly Center for Molecular Medicing, in part-
versity School of Medicine is secking candidates to fill two tenure-track nership with the qu'?m'; o of B'?ch"'““s"}' wnd Molecular B m'.u.g}"
ASSISTANT and ASSOCIATE or FULL PROFESSOR positions in seeks an outstanding individual for a tenure track facully position
u-irulug:,' beginning July 2008, We are particularly interested in individu- f'l ?Tj:ﬁ“miﬁsmnam [:‘ml'ﬁasnr h.v_"“' iurmm T’Lm:ft pn:r‘;_:ran_.'m
als with research programs in virus-host cell interactions and/or viral include. DNA semage repeir, mechanism, charscerization of DNA
pathogenesis. Successful candidates will be expected to establish and repair interactions, genetic susceptibility to environmental factors,

Tenure Track Faculty Position

online @sciencecareers.org

maintain independent research programs and to participate in teaching regulation and ;nst—u:sm‘l;uiuml nmiilj‘u:aiilnn of DNA repair genes,
of graduate and medical students. as wel1:ir1:;?:'ea;l:3|mcl:i u“é mﬂ:ﬁ:ulu; signaling :;:'-spﬂnsmhto oxidative
The Department has a highly collaborative, research-intensive faculty and ::::;sﬂnm g ev -ld;l:: “ar ;‘n‘:::hi:::tl;r\jn!:ji;{: !'Lcr:::: nr:‘; l.r:;:f:i
an outstanding graduate program that is supporied, in part, by an NIH Successful candidates are expected to excel in mentoring graduate and
T training grant in Immunology and Pathogenesis. In addition to strong postgraduate trainces. The ideal candidate should develop or continue
E individual NIH-sponsored research progroms, I?:pmn\mlal_lhtuliy were a strong extramually supported rescarch program, and contribute 1o
awarded a 5 year, 592 million NIH program project grant entitled *Respi- a collaborative research environment with additional opportunities
& ratory Immunity Against Agents of Bio-terrorism.” This grant is one ele- for interactions with investigators in centers of scientific excellence
C% ment in a Department-wide focus on viral and bacterial pathogenesis and in aging, cancer, infectious diseases, structural biology and environ-
immunity. Information on the Department, as well as links to the North mental health.
Carolina community may be viewed at www.owlobme eduw/microbio.
Review of applications will begin in September, 2007 and will continue Toapply, please send a C.V. and names of four references to:
until the posinons are filled. Applicants should submit a curmiculum vitae, Werner Braun, PhD
a brief description of current and future research interests, and arrange Vice-Chair, Biochemistry and Molecular Biology
un to have three letters of recommendation sent to: The University of Texas Medical Branch
= Dr, Griffith D, Parks AN University Blvd.,
0O Department of Microbiology and Immunelogy Galveston, TX, 77555-0645
- Wake Forest University Health Sciences Email: webrauni@ utmb.edu
- Medical Center Blvd, Winston-Salem, NC 27157-1064 ; : ; T o
E {email: gparks@wiubme.edu) LTME is an Equal I’J;:?yrwr_mr{i".:ftﬂ‘u.-'rm.rn-r Aecticn Instirtution thay
(@) WWake Forest Universine Hffﬁfh .‘.:('.J't’l?t'r.'.f is an Equal Opportuniny BrUs e i:l ::E:,'"iiﬂ‘ﬁ:ﬁ:;{{:‘” AR
o Affirmative Action Emplover,
>
o
= . . : .
= rT Track Facultv Position in Protei ‘ Assistant or Associate Professor
v cnure- irac aculty 'osition 1n trotein D " t of Cell & Devel tal Biol
< Structure and Function Research e e T
=5 e ) ) Applications are invited for a tenure-track position at the Assistant or
As part of our continuing efforts to build strength and excellence in Associate Professor level in the Depanment of Cell & Developmental
the area of structural and functional analysis of macromolecules, the Biology at SUNY Upstate Medical University in Syracuse. The
Department of Biochemistry and Molecular Biology at the University Diepartment is continuing a major ex pansion of its faculty. To complement
of Texas M. D. Anderson Cancer Center is looking for an interactive and ';';1]1‘"“:'-' ﬂﬂ{*-‘xi-‘-l'iiliﬁ “«‘f-‘"-'ﬂ"-‘_h iﬂ":jﬂi “‘;«‘ will be ';"-'n'i'iﬂl-}; into the
ienti : | aene arcas of celhiar funcin a cvelopment, Arcas ol nlenest
s sis don st moeed o oot | | e e e e s e

. : ation, cell signaling, and developmental neurcbiology. Substantial
cellular processes at the level of single molecules and their germane renovalion and expansion of depanmental rescarch space and core facili-

::r:pﬂer:mﬁ?p:[;?nn;; s::ﬂul:::;ﬂl; T;fe:":hﬂ:svi':;] U;E:Frm':“m"; ties will continue in onder to Support the depanment's growth.

Applicants, who complement and expand our strengths in gene regula- c“"'"."‘""f' ‘i‘:“]'i h""'lfr “; Ph.D. f"_'l']‘”;’ ~M-D- 'j“l‘”:é _‘":‘;'J P‘”".'i:i"““'
ton, develapmental biology, signal ransduiction, tructural biology and dont rescench program, whikc spplicasts at the Asociute Profsice Jevel
apigenetics, will be preferred. This tenure-track positionis atthe rank of should have an established track record of research productivity and

Assistant Professor. However, outstanding scientists at higher rank wil funding. Substantial startup packages and competitive salaries will be
be considered. The Department will offer a generous start-up package provided to all successful candidates. All Department faculty participaie in
and membership in the Center for Structure, Chemistry and Function the training and teaching of graduate and medical stdents.
of Macraomolecules will prmidq access to cutting-edge technologies. Please submit CV, descriptions of rescarch accomplishments. future
Please send your CV, contact information of three references and a plans for rescarch and teaching imterests as a single PDF file 1o
three-page summary of your research program ta: fontanek @upstate.cdu Please have three letiers of recommendation
Dr. Richard G. Brennan, Chair i
Structure and Function Search Committee Dir. David Mitchell, Chair, Search Committee
at sfsearch@mdanderson.org Department of Cell & Developmental Biology
The application deadline is December 3, 2007. SUNY Upstate Medical University
PP 750 East Adames Street, Syracose, NY 13210
THE UEE".-"EEjIE(f TERAS mitcheld @ upstate.odu
CANCER CENTER s additional information, visit the department website
MD AMNDIERSON e N = = = .

www.upstate.edufcdb

Sqlala Un:vars!ly ol NFw ?qu
Upstate Medical University
Fornarly known as SUNY Haath Scence Canler

Making Cancer History"

M. D. Andersan Cancer Centeris an equal opportunity employer and does not
discrimnaie on the basis of race, color, natienal origin, gender, sexus | orientation,
age, neligion, dsabibty or voloran status excapt where such distinction is reguoined

Iy l=we All positions a1 The University of Texas M. 0. Anderson Cancer Conter
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Comparative Physiologist
University of Wyoming

The Department of Zoology and Physiology
atthe University of Wyoming invites applica-
tions for a full-time, nine-month, tenure-track
FACULTY POSITION, starting August
2008, at the rank of Assistant Professor.
Exceptional candidates may be considered at a
higher level, We seek an individual interested
incomparative, écological, evolutionary and/
or integrative aspects of physiology who uses
molecular approaches to address physiologi-
cal queshons at the organismal level innatural
systems, but encourage applicants with other
back grounds, The candidate must have a Ph.0,
and a strong research record. The successful
candidate will teach in our Department’s
physiology program. Departmental research
strengths include ecology, wildlife'tishenes,
meurascience, and physiology.

Interested applicants should send a curriculum
vitae, a statement of research and teaching
interests, three publications. and three letters
of recommendation to: Physiology Search
Committee, Dept. of Loology and Physiol-
ozy, Dept 3166, 1000 E University Avenue,
Laramie, WY 82071, Fax: 307-T66-5625.
Website: http:fuwvo.edu/Zonlogy: cmail;
rprequesti@uwyo.edn. Review of applica-
tions will begin in December 2007,

The University af Wyoming is a Carnegie
Foundation Research/Doctoral Extensive
Tnstinution, and is an AA/EECQ Emplover

ITHE UNIVERSITY OF

KANSAS

Faculty/Scientist Position in Global Biodiversity Modeling

University of Kansas invike apphcations for a enure-irck positon (open rank) m global biodiversity model-
ing as a joint Professor | EEB ) and Scientist (BRC) beginming August 18, 2008, January 1, 2000, or negotiable.
The successful candidoe will mauntain a strong, extramurally funded rescarch program, keach undergraduate
and gradie courses m ecology and areas of expertise, mentor graduate and undergraduase swdent rescarch,
collaborae widely, and contribute to service activities in EEB, BRC. the University, and the national and nter-
national scentific commumty, Duties: Condoct i active rescarch progrmm n odiversity modeling and bio-
diversity informatics, emphasizing ecological and bingeogrophic contexts. Applicants o semor kevel must
show evidence of rescarch leadership in ancas of biodiversity modeling, biodiversity informatics, and global
bindiversity polcy, including estabhished mecord of publications and funding. A pomion of the candidiie’s
fuure research must be relevant o the Noh Amencan Greal Plns ecosystems with imigd focus on the gouls
of the KS NSFIEPSCol grant for eco-forecasting acroes the Kansis River basin; weach undergraduase and
graduate colrses m hology and related aneas of expenee:; mentor gradiate and indergraduae student educa-
tion and rescarch; interact and collbiborake with collcagues in bwlogy and other disciplines; and contnbuie to
the service activities in EEB, BRC, the University, and the scientific community, Required Qualifications:
Ph I3, near completion, or eominad degroe m BEoology and Evalutionary Biology or a reluted discipling by stan
date of appomtment. Phl). s equined within 12 months of the appointment start date: Evidence of a strong
background in odiversity modeling and bodiversity mormates; Demonstrted excelience in research ovi-
denced by peer-neviewed publications: Commutment (o educaton of undergrduate and graduate students and
1o service as documented by teaching expenence or stalement of teachmg philosophy and plans; Comnutmem
1o seeking extramural research fundmg, evidenoed by past grimt suceess or detaded Tuture plans for grant pro-
posals; Women, manonities, and candidaies who will contrbuie to the climate of diversity m the College,
inchuding diversity of scholady approsches, are especially encouraged w apply. (For senior ficully/scientist,
evidenoe of rescarch leadership 1o the arcas of brodiversity modeling and beodiversaty mfommunes as demon-
straexd by track-record of publications and Nmding and cligihility for appointmcnlt with teoure at the
Associate/Full Professor and Associate/Senior Scientist levels ame required). For a complete positon
announcement and requirements, please refer o hittpe) wwweclasKuedu To Apply: Submit curniculum vitae
{with e-moil address), reprnts of key papers, staiements of curent and Tuiune research plans and icaching phi-
losophy thit includes course-de velopment interests, and hove at least 3 letters of moommendation sent o
Dorolhy Johanning, Universily of Kansas, De end of Ecology and Evelulionary Biology, 1206
Sunnyside Avenue (Haworth Hall), Lawrence, KS 66045-7534 e-mail: jdorothy @kuedu Review of
apphcations begns 15 Oclober X7, and continues uniz] the posibon = filked. For mon: informaton visi
it piwww kuedut~ech

ECHAA Emploer.

The Department of Ecology and Evolutionary Biology ( EEB ) and Biodiversiy Rescarch Cenier (BRC) at the

UNIVERSITY OF MASSACHUSETTS
AMHERST

GLUCKSTERN PROFESSORSHIP

Ihe Physics Department at the University of
Massachuserts Amherst seeks a dynamic fac-
ulty member at the wssociate or full professor
level with an ouistanding recond of research
accomplishments, in experiment or theory, o
fill the endowed Robert L. Gluckstern Distin-
guished Professorship i Phvsics. The Physics
Department anticipates substantial new hinng
in several areas over the next five vears and our
goal is for the holder of the Gluckstern Profes-
sorship to help the department o move in new
directions. Although the pasition is open o all
subfields of physics, we plan a major expan-
sion i the area of biological physics during
the next several vears and one prionity is o
hire a lesder in this field, who will help us 1o
build an imernationally recognized program.
Communications from esiablished scieniisis
will be held in confidence and no references
will be sought without approval, Applicants
should send a vitae, bibliography, and a bref
summary of research plans and eaching phi-
losophy, and the names of five references o:
CGluckstern Faculty Search, Department of
Physics — LGRT 1126, 710 Mo, Fleasant St.,
University of Massachusetts, Amherst, MA
01003, Priocity deadling is November 9, 2007;
however, apphcations will be accepied until the
position is filled. The University of Massacin-
sefts ix g AAED Emplover, and ix aggressive
im it efforts to hire condidates who will enhoaree
e diversity and gender bafance of the foculty
i i seiences. Be stronely encourage women
aied mrembers of minarily groups fo apply

& ROCHESTER

Genomics and Systems Biology, Four Faculty Positions

T'o promote innovative and integrative rescarch in life seiences and biomedicine, the University of Rochester
announces an interdepartmental Imitiative in Genomics and Systems Biology. This vear, as part of the initia-
tive, we will recrunt four tenure-track faculty members at any level with cxpertise inthe arcas of genome
bikogy, bioinfomatics and proteomics. The successful candidstes will benefit from a multidisciplinary
research community, a vibmnt graduate program and state of the an mifrastructune and core fecilites o the
University of Rochester.

The Dept. of Biology in Arts, Sciences, and Engineering (www.rochestenedw/'College/BIO) and the Depr.
ol Biomedical Genetics at the University of Rochester Medical Center (www.urme rochesteredu/ Aah/hg/)
will cach fill two positions.

L. Funetional Genomics/Systems Biology: Department of Siology. This position 15 for o seientist who
studies basic problems n biology at a genomic or systems level, Al gualdicd candidates wall be considered.
Those candidates working i the arcas of Cell or Developmental Biology and Structural, Functwonal, or
Computattonal Genomics are partcularly encouraged

2. Evolutionary/Comparative Genomics: Doparfment of Biofogy, This position & for o sciennst with
rescanch imerests i genomic diversity walin and between specics, Rescarch arcas may include phyloge-
nomics, penome-seale analyses of population varistion, and the evolution of gene structure and function,
gene networks, gene regulation, amd non-coding DNA,

3. Complex Disease Geneties and Bioinformatics: Ovpartment of Siomedical Genetics. The success-
ful candidate will use quantitative tmal genctes, trinscoiptome analysis, large scale sequencing or other
whole-genome spprosches i conpnction with bicinlformatics 10 pursue research in an aren that matchcs
the scope of scientific mterests in the Department of Biomedical Genetics: Cancer, Discase Models, Signal
Transaducton, Stem Cell Biology, Neural Cell Function.

4. Syvstems Biology & Biological Modeling: Dvpartment of Siemedical Genetics, The successful cand idate
will apply sdvanced modeling amd expenmental wechmques o pursue rescarch o an area that matches the
scope of scientific interests o the Department of Bromedical Genetics: Cancer, Dhscase Models, Signal
Imansduction, Stem Cell Biology, Neural Cell Funcion.

Candidates with a strong record of accomplishment should indicate Position Number and submit o CV,
aatement of rescarch mterests’plans, pdfs of two pubbications, and srmnge to have tree leters of recom-
mendation sent o Gemys@ucrochesteredu Review of applications will start October 15, 2007,

The Untversity of Rochester is an Egual Opportunity Emplover and hax a stroeg comm itmet fo diversity
and actively encourages applications from candidates from groaps underrepresented in higher cdvcation.
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UNCCHARLOTTE

THE UNIVERSITY OF NORTH CAROLINA
AT CHARLOTTE

TENURE-TRACK FACULTY POSITION
STATISTICAL GENETICS

BIOINFORMATICS RESEARCH CENTER

The Biomnlormatics Research Center at the Umiversity of Morth Carolina
at Charlotte is seeking quali fied applicants at all levels for a tenure-track
faculty position in Statistical Genetics. We are especially interested in
applicants with experience in the modeling of genome evolution. the
application of phylogenctics to molecular evolution, the study of genetic
variation at the population level, and whole-genome association studics,
in particular those that integrate multiple molecular data types. Preference
will be given to applicants with strong theoretical/method development
interests, Our Center offers ample opportunities for collaborations that
incorporate wet-lab activities both within the University and at neighbor-
ing clinical and biotechnology centers,

The successful applicant will be expected to develop a program of original
research supponied by external funding and 1o develop and teach graduate
core courses in Sttistics and Numerical Methods. Successful candidates
must hold a Ph.[. in Bioinformatics, Genetics, Statistics, Biology, ora
related field and have post-doctoral raining.

Applications must be submitted online (position number 1842) at hitp:
ifjobs.unce.edu and should inelude vitae, at least three references, and
a lefter of interest, We are unable o consider applications submitted
by mail or e-mail. For {ull consideration, your application should be
received by October 15, 2007, however., the position will remain open
until filled. For additional information, please visit our website at
www.hioinformatics.unce.edu.

The Universine of Noveh Caroling ar Clarlotie is an

{i\l'/;
INCCHARLOTTE

THE UNIVERSITY OF NORTH CAROLINA AT CHARLOTTE
TENURE-TRACK FACULTY POSITIONS
BIOINFORMATICS RESEARCH CENTER

The Bicinformatics Research Center at UNC-Charlotte is secking two
tenure-track faculty with research interests in the application of post-
genomic methods 10 personalized nutrition, crop development or food
technology. All academic ranks will be considered. We are especially
interested in applicants with ex perience in the development of novel com-
putational techniques for the analysis of data from cutting edge technolo-
gies such as proteomics, metabolomics and lipidomies. The successiul
candidate will be expected to develop an independent externally funded
rescarch program, teach in our bioinformatics program, and collaborate
with scientists of the DH Murdoch Research Institute atthe North Camlina
Rescarch Campus (NCRC). The NCRC is a 51.5B, 350-acre biotechnol-
ogy research park 18 miles north of the UNC-Charlotte campus offering
world-class instrumentation and an unparalleled intel lecal environment
focused on human nutrition. The NCRC will be home to the research
programs of a large number of private biotechnology companics, as well
as those of at least six NC rescarch universities and several health care
organizations.

Successful candidates must hold a doctorate and have posi-docioral frain-
ing in an appropriate feld Applications must be submitted online (position
numbers 4367 and 4363) at hittp:/jobsunce.edu and should include
vitae, at least three references, and a letter of interest. We are unable 1o
consider apphications submitted by mail or e-mail. For full consideration,
your application should be received by October 15, 2007; however, the
positions will remain open until filled. For additional information, please
wisil our website at www.bioinformatics.uncc.edu.

The University of North Caroling af Charlotte fx an EOEAA Emplover

< Department of
,: Human Genetics

EQEAA Emplover
M

University of Michigan
Medical Inlﬂ?‘

The University of Michigan Department of Human Genetics is
recruiting faculty at the rank of ASSISTANT PROFESSOR with
research interests in genetics and genomics. New faculty will
join an active and growing program that includes molecular,
developmental, population and statistical geneticists working
with model organisms, patients,and populations,

Please apply by November 1 through the Department of Human
Genetics web site at (hupsfwwwhgmedumich.edw'hr/). A
curriculum vitae, description of current and future research, and
three letters of recommendation should all be submitted
through the web site. Correspondence should be addressed to;

Dr.Sally Camper, Chair
Department of Human Genetics
University of Michigan Medical School
4909 Buhl Bldg., 1241 Catherine 5t.
Ann Arbor, MI48109-0618

Applications must be complete by 5:00 p.m.EDT on the
MNovernber 1, 2007 deadline.

The Usivers ity of Mrchd gan i an Affirmative Actiony/Egual Opp ortun gy Emp koyer

httpy/fwww hg med umich.edus

Centerfor

Genetics

in Health and Medicine

M‘-

University of Michigan
Medical School

The University of Michigan Department of Human Genetics is
recruiting a faculty member to fill an ENDOWED CHAIR in the
newly established, interdepartmental Center for Genetics in
Health and Medicine (CGHM). A basic science faculty
appointment is available in the Department of Human Genetics.
A physician-scientist active in patient care and research will hold
a joint appointment in the appropriate clinical department. The
Center's mission is to develop and support an interactive
community of faculty in the basic and clinical sciences who will
develop new research opportunities that integrate modern
genetics research with clinical and public health activities.

Please apply by Movember 1 through the CGHM web site at
(httpy/fwww.eghm.med.umich.edw'hr/). A curriculum vitae,
description of current and future research, and three letters of
recommendation should all be submitted through the web site.
Correspondence should be addressed to:

Dr. Sally Camper, Chair
Department of Human Genetics
University of Michigan Medical School
4909 Buhl Bldg., 1241 Catherine 5t.
Ann Arbor, Ml 48109-0618

Applications must be complete by 500 pm. EDT on the
Movernber 1, 2007 deadline,

The Universiy of Michigon is an Affirmaiwe Action'Equdi Opporiunily Ermployer,

http:/fwww.hg. medumich.edu/




Faculty Position
Cancer Biology

COLLEGE or MEDICINE

FHE LRIVERSHIY dfF FarpEIRds

Applications are invited for a tenure-track position at the Assistant Pro-
fessor level. Exceptional candidates will be considered for appoiniment
at higher rank, We scek scientists working at the cellular, molecular or
genetic levels on projects related to the causes, progression, diagnosis or
treatment of cancer. Appointment will be in the Dept. of Biochemistry and
Cancer Biology, with the possibility of a joint appointment in a clinical
department for applicants doing translational rescarch, Cancer research
has been targeted for strategic emphasis, and excellent facilities, start-up
packages, and collaborative opportunities are available. Research areas
currently represented in the department include signal transduction,
protein trafficking, DNA damage/repair, development of gene therapy
vectors, and regulation of genes involved in cell growth, cell differentia-
tion, and programmed cell death. Applicants should have a Ph.D. or M.
degree with substantial postdectoral research accomplishments, Success-
ful candidates will be expected to develop or have extramural funding
for their research program and be able to participate in the educational
missions of the medical and graduate colleges.

Applications should include: a CV, description of research plans, copies
of selected publications, and contact information for three references.
Materials may be sent via regular mail or e-mail (PDF format) ro:
Cancer Biology Search Committee
cio Jenifer Zak
Department of Biochemistry and Cancer Biology
University of Toledo Health Science Campus - Mail Stop #1010
(formerly Medical University of Ohio)
AD00 Arlington Ave.
Toledo, OH 43614
jeniferzakis utoledo.edu
University of Toledo is committed to diversity and egual apportumiy.
Applicarions from women ard minority comdidates
are strovigly encowaged

UNIVERSITY OF MINNESOTA

Department of Biochemistry, Molecular Biology and
Biophysics and Cancer Center
Tenure-Track Assistant Professor

The Department of Biochemistry, Molecular Biology and Biophys-
ics in conjunction with the University of Minnesota Cancer Center (a
MNCl-designated Comprehensive Cancer Center) announces an open-
ing for a tenure-track Assistant Professor. Candidates with interests
that include fundamental processes such as chromatin organization,
transcription and signaling as well as molecular mechanisms of cancer
are particularly encouraged to apply. For more details about the Depan-
ment and Center please consult; http:fchs.umn.cdwBMBB/ and hitp:
fwww.eancerumn.eduo,

The successful candidate will be expected to develop a strong, external v
funded research program and contribute to the undergraduate, graduate
and professional teaching programs ol the Depariment. All candidates
st have a Ph.D. and/or M D degree. Diesired experience includes at least
two years of postdoctoral experience and a strong publication record.

We will begin reviewing applications on October 1, 2007 and applica-
tions will be accepted until the position is filled. Please apply online at
employment.umn.edu, click on “Search Postings™ and enter 150802 into

the requisition number field. Please attach curriculum vitae and a briel
statemnent of current and future research, Three letters of recommenda-
tion that consider both rescarch and teaching potential should be sent 1o
the: Faculty Search Committee, e/o Ms. Ann Johnson, Department
of Bischemistry, Molecular Biology and Biophysics, University of
Minnesota, 6155 Jackson Hall, 321 Church Strect 5.E., Minneapolis,
MN 55455 or as an attachment to swansl 43&@ umn.edu.

The University af Minnesota is an
Equal Opportunity Educator and Emplaover

Neurobiology Faculty Positions
University of Maryland School of Medicine
Baltimore, Maryland

The Department of Anatomy and Neurobiology (hittp:/neurobiology.
umaryland.edu} is recruiting tenured tenure-track faculty positions
in Neuroscience. We are interested in candidates who use multidis-
ciplinary approaches to understand the function or plastieity of the
nervous system. Of particular interest are candidates that complement
existing strengths in the Department, including sensory, systems,
malecular and developmental neuroscience. Candidates should have
a strong history of scholarly activity and preference will be given to
those with an independemt funded research program.

The Department contains new, state-of-the-an labomtories and core
facilities. We offer an cutstanding intellectual and collaborative
environment with highly competitive salary and recruitment pack-
ages. All department faculty are members of the Graduate Program
in Life Sciences and the interdisciplinary Program in Neuroscience
(http:neuroscience.umaryland.edu).

Candidates should submit the following as PDF files to
faesearchi@umaryland.edu: (1) deailed currculum vitae, (2)

statement of research interests and goals, and (3) names and contact
information for three o five references. Applications should be
addressed 1o the anention of: Professor Reha Erzurumlu, Chair,
Faculty Search Committee.

PHYSIOLOGY UCLA
Assistant Professor

The Department of Physiology af the David Geffen School of Medi-
cine at UCL A invites applications for a tenure track faculty position,
preferably at the level of Assistant Professor.

We are especially interested in candidates using molecular physiological
approaches such as functional genomics, proteomics, molecular imaging.
or systems biology, Arcas of departmental strength include molecular
biophysics, neuroscience, and cardiovascular research, and candidates

in these disciplines are encouraged to apply. However, we will consider
applicants in all arcas of modemn physiology. Arcas in which we might
hope to expand include renal and respiratory physiology, Candidates
are expected to have a strong background in cellular and molecular
biology and a demonstrated interest in addressing fundamental physi-
ological problems,

The successful candidate will be expected to develop an independent
research program and participate inthe teaching mission of the Depart-
ment.

Interested applicants should email their curriculum vitae, aletter with a
statement of rescarch interests and career goals, and the names of three
references to Ms, Debra Moorchead at PhysiologvScarchimmednet.
ucla.cdu. Applicants should also arrange for three letiers of reference
to be sent to Ms. Moorehead at the same email address.

UCLA is an Affirmative Aetion/Equal Oppovtunite Emplayer
Wamen ard minorities are enconraged fo apply,

online @sciencecareers.org

Science Careers

w0
Z
=
=
0
o
o
>
5
=
O
<L
[,




iencecareers.org

online

Science Careers

v
e
O
=
n
=
a
>
=
=
o
=

UNIVERSITY OF {

Cincinnati

Department of Genome Science
The University of Cincinnati College of Medicine

Ihe University of Cincinnati College of Medicine seeks applications and
nominations forthe position of Professor and Chair, Depanment of Genome
Science. The selected candidate will lead a significant expansion in the
Department by building on existing strengths that include (i) well-funded
faculty research programs in the genctics, signaling and metabolic aspects of
cancer; (i) state-of-the-ant research space encompassing more than 50,004
sqquare feet of labomtories; (i) cutbing-edge, onsite core facilities, such as
protecmics, protein production, vivarium, mouse metabolic phenotyping,
zebra fish aquaculure, Drosopdiife cullure, and specialized equipment and
personne] for high-throughput drug screening and drug discovery; and (iv)
an interde partmental graduate cancer biclogy training program.

Qualified candidates must hold a PhD, M. or MDUPhD. degree and
demonstrate ongoing success in research endeavors through a robust record
of funding and publications, The research expertise should include, but is
not himited 1o, cancer cell biology and cancer metabolism. Strong leaderstup
in the academic community is essential.

Review of CWs will commence upon receipt and continue until the position
is filled. Interested candidates should submit a comprebensive curriculum
vitae and contact information for three references to: Peter Stambrook,
Ph.D.. Search Committee Chair, ¢/fo The Office of Faculty Affairs,
The University of Cincinnati Academic Iealth Center, Eden Avenue
& Albert Sabin Way, Health Professions Building/Reom 161, Cincin-
nati, Ohio 45267-0554, Adtention: Genome Sclence Chair Or Email:

Patricia. Run 2@ ve.edu.
The University of Clmcinmens ix an Affiremtive ActionEgual
Chportunity Emplover. Women, minorities, disabled persons, Vieteam
eret and disabled veterans are encouraged to apply. The Acaderic Pealth

Stem Cells and Parkinson's Disease
University of Colorado Health Sciences Center
Denver, Colorado

The Stem Cell Biology Program, the Meurotransplantation Program for
Parkinson's Disease, and the Division of Clinical Pharmacology at the
University of Colorado [ealth Sciences Center seck a stem cell biologist
with M.D.. Ph.D., or M.D./Ph.D. degrees and appropriate background
for a tenure-eligible position at an open rank, Some preference will
be given to those with physician training. Applicants should have a
strong record of research for their career stage. Successful candidates
will be expected to develop an independent research program using
stem eells to pursue the cause and treatment of Parkinson’s disease.
As faculty, they will be expected to participate in teaching of graduate
and medical students.

The University of Colorado has a long record of innovative research
in Parkinson’s disease including the first transplant of human fetal
dopamine cells in the United States in 1988, There are 12 faculty
whose research interests focus on Parkinson's disease. They represent
clinical and basic rescarch departments in the School of Medicine, the
School of Pharmacy and the Newroscience Program. The Stem Cell
Biology Program at the Health Sciences Center is headed by Dennis
Roop, Ph.D. lis goalsare to foster stem cell research across disciplines,
providing resowrces and core faclities to make collaborative research
success[ul.

Candidates should send curriculum vitae, aone page summary of reseanch
goals, and the names and contact information for three references to;
Curt R, Freed, M.D., Director, Neurotransplantation Program for
Parkinson’s Discase and Head, Division of Clinical Pharmacology,
University of Colorade Health Sciences Center, Box C237, 4200 E,
Ninth Ave., Denver, CO 80262; email: Curt.Freed@m UCHSC .edu.

The University of Calorade is an Affirmarive Action/Equal
Opporamity Emplover. Women and minorities are encouraged

Conter is a smoke-free work emironment.

ter capply,

Assistant Professor
Positions
Department of
Molecular and Cellular
Bioclegy

Harvard University
As part of 4 broad expansion in the Life Sci-
ences at Harvard University, the Department
of Molecular and Cellular Biology seeks
apphications for tenure-track facully positions.
Our department covers a broad range of topics,
including molecular biology, cellular biology,
developmental biology, neurobiology, molecular
evolution, systems biology, biochemistry, and
structurl biology, and provides access w state
of the anm animal facilities (mouse, zebrafish,
Xenopus, Drosophila) and core facilities (imag-
ing, proteomics, genomics, bioin formatics ),

We strongly encourage applications from
women and minority candidates. Apphcations
should include: curriculum vitae, reprints of
publications, and a statement of present and
future research plans (1-3 pages). Complete
applications and three letters of recommen-
dation, solicited by the applicant, should be
received not later than 3 November 2007,
Submit applications to:

hitp:www.me bohary ard.ed w/Jobs/Faculty
For mformation contact J. Black bourn/MCRE
Search Committee, juliabyia meb.harvard.edu,

Depanmentof Molecular and Cellular Biology,
Harvard University

Harvard is an Affirmative Action/Egual
Cppartunily Emplover

wwwameh. harvard edu

Johns Hopkins Medical Institutions
Tenure-Track Positions

Influenza and Respiratory Virus
Translational Research

Human Immunology, Vaccinology,
Phamacclogy

The Division of Infections Diseases of the Johns
Hopkins School of Medicine is recruiting 1-2
faculty ot the Assistant or Associate Professor
level wo contribute o an emerging institutional
Respiratory Vinses Program. Our focus 15 on
persons with proven capabalities o conduct
independent research on respiratory infections,
especially investigations that contribute 1o the
prevention or treaiment of influenza in humans,
Thas recruiment contributes o expanding pro-
grams in influenza virology, structural biology,
and vaccine testing. Emphasis wall be given o
researchers with complemeniary research such
as in molecular biology of virl replication, host
vins interactions, and quantitative analysis of
virl dynamics.

Candidates must have exrned an M D and/'or PhD
degree amd have a record of acquiring research
funding and producing cutstanding scholarship,
Salary and resources will maich expenence.
Candidates should provide a curriculum vitae,
4 one-page statement of career interest, and 3
professional references w: D David Thomas,
Chiefl Infectious Diseases, Johns Hopkins
School of Medicine, Suite 437 1830 Monu-
ment Street, Baltimore, Maryland 21205 or
by emanl care of Nadia Hay rﬂllz‘ﬁi'ihmlﬂdu.
Application review will begin in Fall 2007,

Jolns Hopking is an
Egraa! Oppartunity Ewployver

el

SAINT MARY'S COLLEGE of California

Saimt Mary's L‘ull:; inviles appl.imtium for two full-
time, tenure track Assistant Profesors of Biology, both
Ieginming Fall 20408:

* Anatomy & Physiology
* Cell & Molecular Biology

Teaching responsibilitics will consist of upper-division and
lower division courses. Additional courses in the candidate’s
area of expertise can be taught on 2 rotating bass,

A PhI). or other ierminal degree in an arca of expertise
consistent with teaching reponsibilities alongwith 2 record
of teaching exeellence, evidence of research trajectory, and
publication in the beld is reoquired. Salary is competitive
with excellent benefits package. Please visit our website
at www.stmaryscacdu for complete job details and an
enline application.

To apply, submit a letter of interest, resume, on-line
application and the mames of three (3) professional
references. Finalists will be expeatal to sign & consent
authorizing a broader inguiry. Please forwand all
application materials 1o

Gerand M. Caprivlo, PhD. Fecher pones Professor
of Biology & Chair, Biology Department, Saimt Man's
College of Calilornia, PO Box 4507, Moraga, CA 14575,

Position is apen until Glled. and review of application
materials will begin immediatcly,




Faculty Positions
Yale Stem Cell Center
Yale University School of Medicine

The newly established Yale Stem Cell Center invites applications for
faculty positions at the rank of Assistant, Associate, or Full Professor.
Rank and tenure will be commensurate with expericnce. Applicants
should have a Ph.D. and/or M.D. degree. Each successful candidate
will be expected to develop a vigorous, extermally funded research
program on [undamental questions related o the biclogy of embryonic
or aduli stem cells. Investigators will join a vibrant stem cell research
community af Yale with over 40 labs working on various aspects of
stem cell biology and modicine, and will have opportunitics o com-
pete for Connecticut State funding for stem cell research, including
research on non-federally approved human embryvonic stem cell lines.
Investigators will also contribute to teaching graduate and/'or medical
students as well as shaping stem cell research at Yale.

Applicants should mail a three-page rescarch statement and CV, and
arrange to have three reference letters sent (o
Haifan Lin, Ph.D)., cfo Kristin Dugan
Director’s Office, Yale Stem Cell Center
PO Box 208073, Yale University School of Medicine
10 Amistad Street, New Haven CT 06509

Application deadling is December 15, 2007, Follow-up inguiries
should be sent to: Kristin.dugan @ vale.edu.

Yale is an Affrmative ActionEgual Opportunity Employver:

Center for Sensory Biology

Johns Hopkins University

The Institute for Basic Biomedical Sciences at The JHU
School of Medicine has initiated a major initiative to recruit new
faculty and create cross-disciplinary and highly interactive
rescarch centers.

The Center for Sensory Biology seeks 1o understand the
fundamental processes underlying the primary senses —
vision. touch (including pain), chemosensation (taste and
smell) and hearing. Research within the Center is based on
the recognition that sensory systems use conserved biologi-
cal processes for signaling. adaptation and modulation. and
for protection from injury, environmental insult, and degen-
eration. The Center is recruiting new faculty interested in
working on diverse sensory systems and applying new tools
and experimental approaches in a collaborative. interactive
and interdisciplinary environment. Faculty will reside in new
laboratories in the existing Basic Science research complex
and receive primary appointments in existing Departments
within the School of Medicine.

Applicants should submit an application by January 15, 2008 wvia emal
(IBBScentersimjhmiedu). Include a CV, research plan, names of three

references and up to three publications (all in pdf format), Indicate CSB in the
subject hine,

The Johns Hopkins University (s comemitted to diversity amnd egualin in education
airdd enprlenmnent and encourages applicams from wnder-represented groups.,

Assistant/Associate Professor
Division of Medical Genetics, Department of Medicine
University of Washington

The University of Washington invites applicants for a faculty
position at the rank of Assistant/Associate Professor, without
tenure (phy sician/scientist pathway, M.D.), or Rescarch Assistant/
Associate Professor (Ph.DL), in the Division of Medical Genet-
ics, Departiment of Medicine. The successful candidate will be
expected to develop an independent, externally funded research
program related o the genetic/genomic basis of human disease,
Candidates with a strong rescarch background involving the
identification and characterization of disease genes, or the appli-
cation of genetic/genomic information toward the diagnosis or
treatment of human disease, are especially encouraged 1o apply.
The successful candidate will have opportunities to collaborate
with other ouistanding members of the faculty, and will have
access to state-of-the-art nesearch facilities and clinical research
programs. University of Washington faculty engage in teaching,
research and service,

The position will be open until December 31, 2007. Send CV
to:
David W. Emery, Ph.D.
K236C, HSB
1705 NE Pacific Street
University of Washington
Seattle, WA 98195-7720
The Universiny of Washington is an Affirmative Action, Equal
Opportunity Emplover. The Universin is
building a culrurally diverse faculty and staff and strongly
encourages applications from wamen, minorities, individuals
with disabilities and covered veterans.

IDI A

Immune Disease Institute

Assistant Professor, Structural Biology
Harvard Medical School
Immune Disease Institute

As a part of the Immune Disease Institute (1D, formerly CBRI) Longwood
Consolidation and a new building project i be completed in mid 2008, we ane
recruiting tenure trock feulty at the mnk of Assistmt Professor in partnership
with the Department of Biological Chemistry and Moleculur Pharmacology
(BCMP) at Harvard Medical School. D] is laghly interactive and offers out-
standing opportunities for collaboration and technical support. The successful
candidate will be offered o competitive start-up pack age, He/she will directan
independent research laboratory at DL and hisher work will complement and
enhance the efforts of cur distimguished faculty in cell biology, immunology,
inflammation, vascular biology, infectious disease and cancer.

We are secking a candidate who integrates macromolecular structure and
biological function, especially someone who works on fundamental problems
involving signal transmission in extracellular and ¢vioplasmic environments
und across cell membranes. Approaches using molecular dynamics wnd
spectroscopy, including EPR, protein siructure predicton and design, X-ray
crystallography and mnovative light microscopy will be of special interest
The new structural biology mitiative at [DI will be able 1o draw on available
resources such as the HMS Center for Molecular and Cellular Dynamics
{CMCD).

Please forward a cover letter requesting consideration by the scarch com-
imittee, eiimiculum vitae, reprints of key pubhcations, letters separately sent
from three refences, and a two-page statement of research interests includ-
ing previous contributions and future rescarch plans, no luter than October
an, 2007 1w Timothy A. Springer and Tomas L. Kirchhausen, Search
Chairs, lmmune [Msease Institute (1D1), 200 Longwood Avenue, Boston,
MA 02115; recruliment (e idi.harvard.eduw.

I amed Harvard Medical School are Affirmative Action/
Egpual Oppartusity Ewgplovers, Women and miinority candioates

are strongly encouraged o apply:

online @sciencecareers.org
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FACULTY POSITION
IN BIOCHEMISTRY/ENZYMOLOGY
University of California, Davis

The Section of Molecular and Cellular Biology (MCB) within the
College of Biological Sciences at the University of California, Davis,
invites applications for a tenure-track position at the ASSISTANT
PROFESSOR level, Competitive candidates must have a Ph.D,
jor equivalent). The depariment seeks o hire ialented new faculty
who will develop an outstanding research program in the area of
BIOCHEMISTRY/ENZYMOLOGY while maintaining a strong
commitment 1o excellence in formal instruction of this discipline at
both the undergraduate and graduate levels. Building on our highly
interactive and multi-disciplinary research environment, MCH is
interested in recruiting biochemistry/enzymology candidates who will
complement the existing strengths of the section.

Candidates should submit a curriculum vitae, a 1-2 page summary of
rescarch accomplishments, a 1-2 page description of future rescarch
plans, copies of one to three major publications, and a statement of
teaching experience and/or interest online at www.mch.ncdavis.edu,
Candidates should also arrange Tor three letters of recommendation 1o
be submiited online or sent by mail to: Faculty Search Commitiee,
Section of Molecular and Cellular Biology, One Shiclds Avenue,
University of California, Davis, CA 95616. This position is open
until filled although to assure full consideration, complete applications
should be received prior to November 1, 2007,

The Section encourages women and minovities to apply,
The University of California, Davis, i an Equal Opportunity/
Affirmative Action Emplover,

The UNIVERSITY
OF CHICAGO

The Department of Neurobiology in collaboration with the
new Newroscience Institute seeks to recruit new tenure-
track faculty. The search will target individuals studying
cercbral cortex and/or CNS development.

Interested persons should send their application to: (via
regular mail)
5. Murray Sherman, Chairman
Department of Neurobiology
The University of Chicago
947 East 58th Street
Chicago, 1L 60637

or via e-mail with attachments:
jdegrooti@bsd.uchicago.edu

The applications should include a cover letter, curriculum
vitae, a statement of research objectives, and the names
and contact information of three academic references.
Applicants are also responsible for arranging to have the
reference letters sent. Apphications will be accepted until
the positions are filled. Application review will begin
November 1, 2007

The University of Chicago is an Equal Opportmity/
Affirmative Action Employer.

THE UNIVERSITY OF NORTH CAROLINA AT CHARLOTTE sccks
applications for 8 TENURE TRACK FACULTY POSITION in BIO-
CHEMISTRY st the ASSISTANT OR ASSOCIATE PROFESSOR kvel,
o begin August 15, 2008,

Required qualifications inclode: o Phid. m chemistry; postdocioml], mdus-
trial or academic experience; a commitment W excellence in weaching at the
undergraduate and graduate levels (including courses in mochemistry); and a
cormmitment (o cstablishing a productive, externally funded rescarch program.
Requirements for the associate professor level posation also include a recond
of wachmg, research productvity and external funding appropraate o rank.
W cspecially welcome applications from biochemists interested in develop-
ing collabomtons through participation in any of several nterdisciplmary
programs on campus, including the Manoscale Saence Ph D, program, the
Interdisciplinary FhuD. in Biology, the Bioinformatics Research Center, the
Center for Bromadical Engmeenng Systems, the Center for Optoclectronics
and Optical Communications, and the emenging Biophysics community. Sig-
nificamt opponunitics arc also available wcollaborae with the local Caralinas
Medical Center. A unique opportunity ¢xists (o network from the ground up
with the nearby North Caroling Research Campus (http:/iwww.neresearch
campus.net), & 51 billion 350-acre biotechnobogy research park that will be
horme to the research programs of povak: biotechnology compames, six Morth
Canolina rescarch universities and several healtheare organsmtions.

Apphcatons must be made ¢lectromscally at hitps:/jobs.unecedo and must
inclede a CV, the names and contact information of three relerences, and
statements on rescarch plans and teoching interests and philosophy. Questions
about the search may be dirccted w0 De Joanna K. Krueger, Chair of the
Biochemist Scarch Committee, jKkruege @ uncc.edu. For full consideration,
all application materials should be received by Movember 1, 2007. Review of
applications will begin immediately and continee until the position is flled.
Apphicants may visit www.chem.unecedu (or more detaled information,
LIMC Charlotte, o 22,000 student campus of the University of North Camoling
system, & one of the largest and fastest growing research universities in the
Southeast and is situsted on & modem, attrmetive, thousand-aere campus.
UNC Charlotte § academic elimate respects the dignity of all
individhrals and encourages diversite including bt not lmited (o abifiny
disabifivy, age, culiure, etfmicity, pender, fanguage, race. religion, socual
awrictation, and gsocie-cconomic status, The Universing of Nostlh Caroling
af Charlotte is an EQEAA Emplover and an ADVANCE hrstitution,

=

FACULTY POSITIONS
DEPARTMENT OF BIOENGINEERING
UNIVERSITY OF CALIFORNIA, SAN DIEGO

The Depariment of Bioengmeering in the Jacobs School of Engineering at the
University of Califormia, San Diego is inviting applications for one or more
TENURE-TRACK or TENURED FACULTY POSITIONS at the Assistant
Professor, Associate Professor or Full Professor levels, Suceessful applicants
will be expecied to iach undergraduate and graduate courses in Bioengineermg
and 1o establish a vigorous program of high-quality federally funded bioeng-
neering research, particularly research that focuses on genome-scale or systems
approaches 1o biological complexity, integration scross multiple scales from
mofecule o organism, and'or apphcations relevant (o regenerative medicine.
Exceptionul candidates in other areas may also be given consideration,

The Jacobs School of Engineering enjovs ¢lose collaborations with the UCSD
School of Medicine and the Divisions of Biological and Physical Sciences.
Cualified individuals may be eligible for joint appointments. The level of
appointment will be based on experience and qualifications. Salary will be
based on published UC pay scales. Applicants are gsked to submit materials
on-lme at hitp:/'www-hiceng uesd.edw/recruil. Plesse include & cover leter,
crorvicufiom vitae meluding a complete list of publications, sumples of pub-
lished research and teaching evaluations (if available), the names and contact
informartion of five referees, o statement summarizing research imtenests and
teaching experience, andany leadership activities or contributions todiversity,
Please do not mcluede your Social Secunty Number,

For inguiries, please contact: Faculty Search Committee Chair, Department
of Bioengineering, 9500 Gilman Drive, Mail Code 0412, La Jolla, CA
F2093-1412, or by email to recruitia bioengucsd.edu. Review ol applications
will begin October 01, 2007 and continue unnl the position or positions are
filled. For appheants wath mteresl m spousal/pariner employment, please see
the web site for the UCSD Parmer Opportunities Program.

UCSD ix an ECQVAA Emplover with a strong imstivu tiomal conmitmen! fo
excellence through diversity.,
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PROFESSOR IN MEDICAL
PROTEOMICS

Karolinska Institutet invites applications for a
position as professor in Medical Proteomics.

For further details please contact Professor
Jesper Haeggstrom, phone: +46 8 524 876 12 ,
email: Jesper.Haeggstrom@ki.se or the SACO
union representative Michael Fored, phone: +46
8 517 791 81,email: Michael.Fored@ki.se

Please state your qualifications in accordance
with the Karolinska Institutet qualification portfolio
available on the Web page http://info.ki.se

Deadline for applications is October 10, 2007.
Reference no 2285/ 07-221, Registrar,
Karolinska Institutet, SE-171 77 Stockholm,
Sweden.

For the entire advertisement please look at http:/
fjobb.ki.se/internal/general/starteng.asp E-
mail: Registrator@ki.se

FACULTY POSITION
CENTER FOR MICROBIAL PATHOGENESIS

The CENTER FOR MICROBIAL PATHOGENESIS at Columbus Children’s
Rescarch Instiute, Columbus Children’s Hospital, and the Depariment of Pedi-
atrics, College of Medicine, The Ohio Suie University seck PhD, MDD, or
MDPRD candedates fora tenure-track position at the Aszsstant Professor rank
tovdevelop and conduct an mdependent research program in the fields of cellular
and molecular microbiology. One area of interest includes bacterial pathogens
causing disease n the mrway with a specific emphasis on understanding the
maolecu lar mec hanisms by which respiratory tract pathogens resist effectors of
innate immunity and other related essentil survival strategies. Applicants must
have independent lunding. Rescarch space is available within the Cobimbus
Children’s Rescanch Institute, This recruitment is part of a lurger muli-year
planned expansion of rescarch imnatives by the mstmuton and wcludes the
2004 completion of a 160,000-squane-foot five-story research building that
houses 48 state-of-the-art labomtory modules. Additional research space 15
slited 1o open i 208, The Institute is equipped with leading-edge assets 1o
facilitate collaboration and success, including animal facilitics in addition
DMNA sequencing, flow cytometry, informatics, histopathology, transgenic,
microarray, ES cell, and transgenic cores, Joint appointments within grduste
depanments of The (hio State Umiversity are available.

For more information, please visit our websne at www.eeri.net,

Address correspond ence with three references and curniculum vitae o
Lauren (), Bakaletz, Ph.a),
Director, Center for Microbial Pathogenesis
Columbus Children’s Research lnstitute
T Children's Drive, Rm, W 5491
Colwmbus, (OH 43205
Phone: (614) 722-2915 FAX: (614) T22-2818
E-mail: ba kalellia ecri.net

The €Hvio Stare University is an Equal Opportening
Affirmartive Action Emplover: Chealified women, mimorinies.
Fietnam-era velerans, disabled veterans,

T - H -F and the disabled COLUMBUS
G'“O are encouraged fo apply; v .

"
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PURDUE

UNIVERSITY

Ihe Depanment of Biechemiatry invites applications for fve tenure track
faculty positions | 1 Assistant Professor and | Associate Professor) that focus
on either of the following.

I} The enzymology or engineering of metabalic pathways with sigmificant
impact on disease. Areas of particular interest melude diabetes, cardio-
vascular disease and obesity.

e | 1 11L P.ll:huuvi and CHy s relevant to biofuel production. Arcas ol mter-
est inchude plant cell wall biosynthesis, polysacchande hvdrolysis, ond
microbial fermentation of sugars 1o biofuel,

The successlul candidates will be expected o develop a nationally and nter-
nationally recogmieed rescarch program, interact with scientifically diverse
faculty across campus and demonstrote excellence in teaching.

Ihe Deparment of Biochemistry is part of a large and vibrant life science
commumty at Purdue and our faculty participates i interdiscplinary pro-
grams in cancer, biophysics, genetics, plant biology and neumscience. Sup-
part facilitics are available for genomic analysis, metabolomics, protein mass
spectrometry, NMR, X-ray crystallography, image analysis, computation,
and transgenic animal work. For more information about our depanment, see
ww w.hioche m.purduoe.cdu.

Apphicams for assistant professor should have a PhD. or M.D., @ least two
years of post-doectoral expenience or s equivalent, a strong publication
record, the potential to develop o vigorous extramurally Tunded research
program, and a commitment to rescarch and teaching excellence. Candadates
at the associate professor level also should have a track record of significant
extemal funding, Applicants are asked 1o submit moterials electonically o
hivchem-searchio purdue.edu, Applications should include a cover leter,
curniculum vitee, & two-page summary of rescanch interests, a statement of
teaching objectives mterests and the names and contaet mfommaton of three
references. Screening of applicanis wall begin Oetober 12, 2007 and continue
until the positions are Gilked.

Prrefue Urriversity is an Equal Opporionity/Egeal Aveess/ A ffirmaiive Action
Emplover fully commitied fo achivving o diverse workforee. Women and
imdivichsals from underrepresenied groups ane
enconraged ko apply.

THE UNIVERSITY OF

KANSAS

Faculty/Scientist Position in Ecosystem Scientist

The Deparment of Ecology and BEvolutonary Biology (EEB) md the Kansis

Biological Survey (KBS) at the University of Kansas (KU ) invike applications for o
lemure-track position in coosystem coology s i pinl Assistant Professor (EEB) md
Assstumi Scaentist (KBS) beginning August 2008 or Jumay X009, The successful
candidute will muantam u strong, extmmurlly fonded research program, teach under-
gradute and graduse courses n eookogy wnd areas of expenise, mentor graduze md
undergraduade studeni research, colluborae wildy, and coninbute bo service sctivities
in EEB, KBS, the Universaty, snd naionad and wtemationad scientific community.
We seek candidates who will conduat rescarch m lemrestrial or squatic ecology that
emphasiees dynamic processes al the ecosystem, londscape, and/or global level, and
whao will develop and/or apply madels ax predictive andlor sailing wwols m the con-
text of environmental chunge. Exumples of research areas could include, but ane not
limited 0, hiogeochemical Muxes, coosystem energelics, organic moler progessing,
und'or the relatiomhips between biodiversity und ecosystem function. A portion of
the candidute’s fuune rescarch must be relevant 1o te Noh American Greal Plains
ecosysiems with imbial foous on the goals of the KS NSFEPSCoR grunt for eco-
forecisting nemss the Kamas River hasin,
Required Qualifications are: Ph.D. by daie of appoiniment in an appropiite dis-
cipline; demonsimied excellence in coosystem mesearch (evidenced by peer-
reviewed publications) commitment o service and o gradude and undergradwie
stdent aduciion (documentad by waching expenanee or stalemml of (eaching
philsophy und plansh: commiment o seeking extrumurl research funds (evie
denced by past grand success or detwled future plans for grant pr ¥; and wall-
ingness (o contribute 10 the climate of schokirship and e diversi ity nl‘ thouglit and
spproaches al KU, Posi-doctorl experience is preferred. For o complete position
anmouncement and regquaremenis, plase refer 1o the KU College of Liberal Aris &
Scenoes website at hitp: fwww.ebskwedu
To Apply: Submit cumculum vike. key repnnts, statements of research plans md
leachung philosophy with course-development interests, and have 4l keast 3 lellers
of recommendation sent o Dorothy Johanning, Universily of Kansis
Depirtment of Ecology and Evolutionary Bidlogy, 1200 Sunnyside Avenue
{Haworth Hall), Lawrenoe, KS 66045-7534; e-muil: jdomthy@ kuedu Beview
of upplications begins 15 October 2007, and continues undl e position is filled
For more infomation visit hitpa/wwwkuedo~eeh

EOVAA Emplover.

online @sciencecareers.org
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WORKING AT THE
UNIVERSITY OF GENEVA

The FACULTY OF SCIENCE seeks an
ASSISTANT or ASSOCIATE or FULL
PROFESSOR
in Plant Molecular Biology

{www.unige.ch/sciences/biologie/bioveg)

POST: Full-time research and teaching position in the general
area of plant molecular biology. Special consideration given to
scientists studying important biclogical problems using novel
multidisciplinary approaches.

REQUIREMENTS: Ph.D. degree or equivalent. Experience in
teaching and leading an independent research project.

STARTING DATE: 1st January 2008 al the earliest.

Candidate files must be addressed before November 2nd,
2007 to ; Décanat de la Faculté des sciences, 30, Quai Emest
Ansermet, CH-1211 Genéve 4, from whom additional information
can be oblained regarding the responsibilities of the post and
other conditions.

The University of Genava is an equal opportunity employer and
encourages applications from female candidates.

Tenure-Track Position

Applied Physics — #07244

Locared in Ithaca, N.Y., Comell University is a bold, innovative,
inclusive and dvmemic teaching and research university where staff,
Sfaculry, amd studemts afike are chaflenged o moke an endnring
conrrburion to the bemermerny of by,

The School of Applicd and Enginecring Physics st Comell University is
secking applications for a tenure-track, assistanl professor position.
Consideration of applications for an_associate or full professor level
position may also be given to exceptionally well gualified individuals.
Candidates must be able to demonstrate the ability to develop a highly
successful independent rescarch program inan arca of applicd physics and
to participate effectively in the teaching of the apphed phy sics curriculum
at both the undergraduate and graduate bevel, Rescarch areas of intenest in
this search include, but are not limited to, optics and photonics, biological
physics, nanosnicture scicnce and tm‘lmﬂfﬂg;r. novel instmmentation
methods, computational physies, and matenals physics. Prospective
candidates who wish o pusue in:urdisci?]imr} rescarch efforts are
strongly encouraged to apply. The successful applicant can expect a very
competitive level of support for the start-up of a mscarch program,
Considerable institutional resources are available ® Cornell that can
strengthen this research program and support interdisciplinary  and
collaborative research ventures. The successful candidate can expect 1o
benefit from association with one or more of Comell’s inlendisciplinary
rescarch centers, national facilitics, and national resources, lisied at
httpfwww.engineering.cornelledw research/rescarch-centers/
.J\E!_.'ulim[inm. consisting of a resume, a statement of teaching philesophy,
a brief (3-page limil) statement of reseanch interests, and the names and
addresses of at least three references, should be submined on-line at
httpiTast.sep.cornelledw’, The application deadline is December 15,
2007 Tnierviewing will begin after January |, 2008 and will continue until
the position is filled.

Cornell University
Cornell University ix an Afftrmative Action/
Egeal Opportaniny Emplover amd Educator,

hitp:/ic hronicle.com/jobs/profiles/2377. htm

t I ILNI'-’I:I.’EIT‘I']IDF
Lincoln
Professor and Chair

Department of Biochemistry
University of Nebraska-Lincoln

IANR

The University of Mebraska-Lincoln is secking an individual with an
outstanding rescarch program and excellent interpersonal skills who can
pravide energetic and creative leadership for the research, teaching, and
public service activities of its Department of Biochemistry, A competi-
tive start-up package is available for this full ime, 12-month appointment.
The Department of Biochemistry is rapidly growing and includes 13
budgeted and 10 affiliated facul tv members. The research programs in the
Department are currently supported by annusal grant and contract awards
exceeding 53 million. The Department houses the NIH-funded Redox
Biology Centerand has established strengths in biomedical research, plant
biochemistry, structural biology, bioinformatics, and classical enzymol -
ogy. The Department is located in the state-of-the-art George W. Beadle
Center, which is also the home of the NIH-funded Nebraska Center for
Virology, the Plant Science Initiative, the Center for Biotechnology, and
kew core research facilities. To learn more about the De partment, please
visit the website http://biochem.unledu.

To apply far this position, access the web site http:/femplovmen Lunledn.
Search for position number 070695, Complete the faculty academic
administrative information form. Attach a letter of application, curricu-
lum vatae, and the contact information for three professional references.
Review of applications will begin on October 19, 2007, and continue
unitil the position is filled.

The University of Nebraska (s committed o a pleralistic campus
conmmintiny throngh Afftrimative Aetion and Equal Opportanire and is
responsive to the needs of dwad ecareer couples. We assure
accammeadation tmder the Americans with Disabilities Act; contact
Linda Amold ar 402-472-3802 fir assistance.

Immunology Faculty Position at

the Sloan-Kettering Institute

The Immunsdogy Program a the Sloanketiering Instinne (SK) 5 sweking
innovalve invesngtors for teiredrack ill\ililllh o the Assiint, Avascate, and
Menber bevels who wish o address hasic problems in immmology with possible
relevanee W cancer. Agrplicants shoulbd have a docioraHevel degree and the
IK‘I‘II.'LII [ III"“"IIHI A u.lilll: i.lllh'lu"l.“h"lll. II'M'JIIII LG R Y II||“1'|I II'IlIII
of accomplishments, depending on the level u, appoiniment.  Cualified
applicants with an MDD, degree may be offered a joint appoinoment in an
appErps wie IIE"IJI||1II'|1| i Memorial |:|'l.npil..1|. Camdliclates wall .plﬂ.ll a Taouhy with
a boad ange of wsearch interests, incloding tansplantaion, T and KK cdl
devdopment and Bincton, geoe regubiion, antigen presmiaion, inhections
ilbease anad renmod .IIIIIII1IIIIIi'|Ij‘_'\'. Tha [rogrim has recenthy imoved o |1||:|u'g‘ll:|ll.\
space on 3= oors ina new 25 siory Bhoratory boilding. Facoln will be eligibbe
Dold gracduate school appoiniments in the Gersner Sloanbetiering Graduaie
Sehool of Blomedicil Ssoemces, the Weill Goaiiere Scloaol of Medicd Soences o
Comell Univerdn, s well as the Trdnsgmtinal MDY PhD Traning Progran

SKI offers a highly imeractve, supportive and exciting research environmennt
with programs in Immimodogy, Cacer Biology & Geneties, Cell Biology,
Moleanlar Phanmacology & Chemisiry, Molecubur Biology, Developmenial
Biokogy, Compmatonl Biology amd Stnucoral Biology, & well as onparalleled
climcel [rogramns i cancer resei b, irestimen and rrevent,

Cangliglates should eamail theic applicagon, preferaldy in PDF format, o
i:nmum@mtn:. L Thie |I|I|:I|ll Jlil:tt bl i pnelude Fl !‘.ﬁ'. a |||.-'-u.|'|| Wio of ||m|
researeh, a descn prien of proposed researh, and copies of three epreseamtive
|||l|ii|..|!i||l|~. Candislaties Jhll|h|.1l1'.1l1gr w have thive \i:.}lll.'qi letbers ol referenoe
seril by wpmail o immnno® mskecoorg or :l'!.:ll|,1.r il tee D Plﬂm P. Alison,
ﬂl:il'nnn.immum%‘[“mgm‘n. C70 [wana Agosto, Memorial Sloandetiering
Cancer Center, 1275 York Avenune, Box 4%, New York, NY 10065, Application

Deadline: November 1, 3007, For more infonmation please vt our welssite al
wiwskiedu. For Quesions please email sgosod@mnaskecorg. Memial Sloan-
Fetering Cancer Center i an alfinmative do0on, equal Bpporniy emplover,
o~ : . - . . .
{ \ Memorial Sloan-Kertering Cancer Center
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Center for Learning and Memory
Institute for Neuroscience
The University of Texas at Austin

The Center for Learnmg and Memaory at the Univeraty of Texas at Austin mvites
apphications for a number of tenure track faculty positions at the Assistant,
Associate, and Full Professor levels.

While the fick! of interest is open, we are particularly interested in candidates
using genetic and molecular approaches o investigate plasucity, leaming, and
memory in mammals. Successful candidates will join an expanding and vibmnt
acadenic env wonment and will be expected o develop and mamiain an active
rescarch program. Academic appoinments will be made m the appropriate
scademic unit withm the College of Matural Sciences, College of Ans and
Saences, School of Phammacy, or School of Engineeang. The positions will
include highly competitive salary and start-up packages.

The Umversity of Texas i Austin s ivolved in a magor expansion of the
Institute for Meunoscience, building upon astrong faculy hase in Neurobiology,
Psychology, Phamacy, Computer Science, Integrative Biology, Biomedical
Engmeermg, Physics, Chemmstry, and the Insutute of Cell and Molecular
Biology. Successful candidates wall have their laboratories in the new Neural
and Molecular Scwences Buillding located m the heart of the beautiful U7
CAMpUs,

Aystim s located m the Texas il country and 15 widely recognized as one of
America s most beautilul and hvable cites (see: waw.aaustintexas.org/home/
and www.cl.austingy. us).

Please semd curriculum vitae, summary of rescarch interests, and names of
five references to; De Daniel Johnston, Director, Center for Learning and
Memory, Institute for Newroscience, The University of Texas at Austin, |
University Station, C 7000, Austin, TX 78712-0805.

Homepage: hitp:/felm,utexas.edu/

The University of Tevas ai Austin is an Egual Opporiunity Emplover. Quali-
fied women and minorities are encouraged fo apply; o background ofeck
will be conducted on applicants selected

Bavlor College of Medicine

The Department of Biochemistry and Molecular Biclogy invites
applications for a tenure-track faculty position at the ASSISTANT or
ASSOCIATE PROFESSOR rank. The Department maintains diverse
areas of research with strengths in molecular genetics, developmental
biology, cell biology. signal transduction, neurobiology, and structural
biology, We are secking outstanding candidates who are pursuing cut-
ting-edge research in molecular, cell, or developmental biology. We
are especially interested in the areas of genome instability, regulatory
networks, membrane and organellar biology, and mouse models of
human disease.

Our Department offers a collegial, collaborative environment and has
a tradition of being very supportive of new faculty, Baylor College of
Medicine 15 located in the heant of the Texas Medical Center and 15
affiliated with 11 educational institutions, including the University of
Texas Medical School, The UT MD Anderson Cancer Center, and Rice
University. to name a few. Academic rank and salary are commensurate
with experience and qualifications. Candidates should send a cover
letter, curriculum vitae, statement of research interests, and names and
contact information for three references,

Applications may be submitted electronically to: BMBsearchi/bemedu
or by mail to: Dr. John Wilson, BMB Faculty Search, Department
of Biochemistry and Molecular Biology, Baylor College of Medi-
cine, One Baylor Plaza, Houston, Texas, 77030, The committee will
review applications beginning September 1, 2007, and will continue
until the position is filled.

Bavilor Coflege of Medicine is an Egual Oppartunity
Affirmarive Acvion and Equal Access Employer,

THE UNIVERSITY Ol

KANSAS

Evolutionary Genomics Scientist

The Department of Ecology and Evolutionary Biology at the University of
Kansas mviles apphcations for a tenurc-track fcullty position a1 the
Assistant Professor level, Posation s expected 1o stan August 18, 2008, The
successful candadate will mamntain a strong, extramurally funded rescarch
progrim, lesch undergrdusie and graduste courses in genetics and/or evo-
lutionary biology and areas of expeise, mentor graduate and undergridu-
e studemt research, collabosiie widely, and contnbule 10 s£rice activitics
of the department, the umversity, and the national/imernational scicnlific
community. Duties: conduct expennmental rescarch in the ficld of cvolu-
tionary genomics. Preference will be given to candidates with a rescarch
program that (1) combines molecular and clissical genclic approaches to
study a gencucally tractable orgamsm, and (2) develops theory in relation
to histher experimental work, Required qualifications: PhoI, or terminal
degree in an approprite Teld eapoected by start date of appontment; post-
doctom] experience in genomics or 4 nelated field; demonstrated excellence
in rescarch in evolulionary genctics/genomics; commitment o service and
to undergraduate and graduate dudent education; and commiament 1o seck-
ing extrumurml rescarch funding, Women, minoritics, and candidaies who
will contribute to the climate of diversaty in the College. includimg diversi-
ty of scholurly approaches, are cspecially encouraged o apply. For a com-
plete position announcement and requirements, please see the KU College
of Liberal Ars & Sciences website at www.elas ku.edu To apply: submt
cumiculum vitae (with c-mail sddress), reprints of key papers, statements of
current and future research plans and weaching philosophy that imclides
course-development mterests, and have at least three ketters of recommeen-
dation sent to: Dorothy Johanning, Depl. of Ecology & Evolulionary
Biology, University of Kansas, 1200 Sunmyside Ave., Lawrence, KS
66045-T534 (c-mall: jdorothy@ kuedu). Review of applications begins
15 October 2007 and ‘continues until position is flled. For more informa-
i, visit hidps/fwww, Kuedu/-eeh

E(NAA Emplover,

Baylor College of Medicine

Baylor College of Medicine secks applications for a tenure-track
or tenured faculty position in the Department of Biochemistry and
Molecular Biology (http://www.bem.edu/biochem/). We are
especially interested in individuals with imterdisciplinary research
programs using and developing cutting edge technology in the
areas of chemical biology, high-throughput screening, molecular
biophysics, and molecular imaging. These research areas will
complement existing strengths in the Department in structural and
computational biology, molecular biophysics, proteomics, recep-
tor structure/ function, RNAI sereening, and genetics of model

organisms. The successful applicant will have the opponunity
Lo participate in the highly interactive and collaborative research
and training programs of the Gulf Coast Consortia, which include
BOCM, University of Texas Houston Medical School, M.D. Anderson
Cancer Center, Rice University, the University of Houston, and
University of Texas Medical Branch.

We offer competitive start-up and salary, commensurate with expen-
ence and gualifications. Candidates should submit electronic ver-
sions (PDF or Word files) of a cover letter, curriculum vitae, state-
ment of research interests, and names and contact information for
three references o Dr. Theodore Wensel ai; bmb-chia bem.edu.
The committee will review applications beginning September 1,
2007, and will continue until the position is filled.

Bavlor Calfege af Medicine is an Equal Opportunine
Affirmative Aetion and Eqial Access Emplover:

online @sciencecareers.org
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NORTHWESTERN
UNIVERSITY

The Department of Meurobiology and Physiology in the Wemberg
College of Arts and Sciences seeks to recruit a new faculty member
at the Assistant Professor level. Applicants holding a Ph.D or
M.I, degree, and demonstrating an outstanding record of scientific
achievement will be considered. We are interested in individuals whose
rescarch addresses fundamental issues in neuroscieneoe and who show
significant potential for innovation, scholarship, and commitment to
excellence in research and teaching. Successful candidates will be
expected o establish and maintain a high-profile research program

attracting substantial extramural funding. The appointee will have
access to state-of-the-art life science research suppon facilities and
opporunities o interact with colleagues in the Institute for Complex
Systems, Cognitive Neurology and Alzheimer’s Disease Center, Center
for Reproductive Science, Center for Sleep and Circadian Biology,
Robert H. Lurie Comprehensive Cancer Center, and an interdepart-
mental neuroscience graduate program with over 150 faculty.

Apphicants should submit a curnculum vitae and description of
research plans to: Search Committee Chair, Department of Neu-
robiology and Physiology, Northwestern University, 2205 Tech.
Dr., Evanston, IL 60208 (www.northwes ternedu/neurobiology),
Three letiers of recommendation should be sent to the same address.
Applications received by November 15, 2007 will be ensured full
consideration,

Narthwestern University is an Affirmative Action/Equal Qppartimin
Emplover Wamen and minovity candidates are enconrvaged to apply.

Tenure Track
Faculty Positions in

I]euelupmental_ﬂin_ln_gy

Shaan-Kettering Institute, Memorial Slaan-Rettering Cancer Center
invites applications for junior tenure-track faculty positgons in the
Program in Developmental Biology. Successiul candidates will canry
out independent research programs addressing problems inany
aspect of Developmenal Biology, Topic of partdcoular interest
include stem cell biology. gametogenesis and genete mechanisms
in development. Sloan-Rettering Institute offers a highly intercoave
and exating research emdronment with outstinding infrastruciure
and resources o suppont rescarch (www.ski.edu). New Gculty wall
be eligible to hold grduste school appomements in the Gester
Sloan-Ke wering Graduate School of Biomedical Sciences, the Weill
Craduite School of Medical Scences of Cornell University, as well
as the To-Institutional MDY PhD Trining Program.,

Candidates should cmail their appli;gon im0 PDF format o
devbiomekec.omg by November 1, 2007, The application should
include o Curnoalum Vice, a desonption of past reseiwrch, o
description of proposed resewrch, and copies of three representative
publications. Condickaees should amange w have three leers ol
reference sent by e-nail o devbio@maskee.org and by regular mail o
l.lew:!npmmlli Bidnﬂ Search, ¢, 0 Ms. Il“:.ny Lennon, Memaorial
Sloan-Kettering Cancer Center, 1275 York Avenue, Box 135, Mew
York, New York 10065, The leters shoukd arive v November 1,
N, Inguiries may be sent (o Ms, Lennon a devbiofimskec.ong or
to Dr. Kathnm Anderson, Chair, Developmental Biology Program,
Sloan=Rettering Insttote. Memorzld Sloan-Rettenng Cancer Center is
an Egual Opportumity Emplover.

A Memorial Sloan -Kettering Cancer Center
{ ) The Bead Corrver Canve. Livyeedorse.

M www s kior, g

PURDUE

ONIVERSIT?Y

Faculty Positions
College of Science — Purdue University

As part of its strategic plan, the College of Science at Purdue is
hiring faculty in several exciting areas, including core hires with the
departments and imerdisciplinary hires in thrust areas identified by
the College. All hires will have a departmental home in one of the
college’s seven departments:

= Biological Sciences

*  Chemisiry

= Computer Science

= Barth and Atmospheric Sciences
= Mathematics

*  Physics

= Statistics

Multidisciplinary hires may be joint between depariments or with

other colleges. Links to these departments and the application sites
can be found on the College of Science hiring page:

http:/iwww.science.purdue.edu/hiring/.

A Ph.D.in a field related 1o the position sought is required. The sucoess ful
candidates will teach courses and conduct research in their arca of specialty.
Applications from cutstanding candidates in all arcas will be considered,

Purdve University is an Egual Opportanity/Equal Avcess A firmarive
Aetion Emprlover fullv conmitted fo aclhieving a diverse work force. Women
anel imafivicfuls in wnderrepresented groups are encouraged fo apply:

FACULTY POSITIONS AT
THE ROCKEFELLER UNIVERSITY

The Rockefelier University seeks exceptional, nteractive, and creative sciantists to join
it faculty. We imvite appiications from outstanding canchdates for fenwe-track
positions and also encourage tenwed Professors to apply, provided that they are early
on in ther camers.

The Rockefsliar University provides strong financial support for the essarch work of its
taculty, The positions highly competitive salarg benefits and start-up funds, new
or recenily menovaled labomtory space, access 10 numerous stale-of-the-art cora
facilties and exlensive opportunties for collaboration both within the University and
with neighboring institutions, The Universty also provides wery stiong continuing
support for research work beyond staf-up, including full support for graduate students.,
The University has & laboratory-based omanization structure that fosters
inferckscipinary research in the following areas:

* Chemical Biology * Neurobiology
* Evolution and Ecology * Physics and Biclogy
# Medical Sclences and * Physiology of Organisms

Human Genetics
* Microbiclogy and Immunology
Detais about spectic subjects of ressarch can bedound at httpd hwww e kefe Beredu/ facutys earch,
Applcations are being accepled electronically through ow Online Application System
at https/oas. rockefelleredu.
Appicants should folow the onfine application procedure which includes submitting
the lollowing:
+ Cumculum Vitae with a publications lst
» Statement of Ressach with a 2 page description of significant reseanch
accomplshments and a 2 page description of future research plans
{4 pages maximum)
* Relevant publications {optional, maxmum of 3)
If you have questons regarding submitting an application, please contact our Faculty
Search Administrator at facultysearch@rockefelleredu.

The deadline for receipt of applications is
The search will be reopened in February, 2008 with a deadline
of April 15, 2008.

» Physiology of Single Cells

* The Rockedelier Unbrersity is an Affirmative ActionEqual
Opportunity VEVRAA Employer and welcomes applications from
women and under-represented minonties.




Center for Inmunology and
Microbial Disease
Albany Medical College

Faculty Position

The Center for Immunology and Microbial Disease at Albany Medical
College invites applications for a tenure-track faculty position from
individuals who have a doctoral degree, postdoctoral experience, and
demonstrated research productivity. Those with an interest in bacterial
pathogenesis and host-pathogen interactions are particularly encouraged
to apply. The successful candidate will be expected to establish an inde-
pendent, extramurally funded research program and participate in the
teaching of medical and graduate students. The basic science departments
at Albany Medical College are organized as interdisciplinary research
centers and the Center for Immunology and Microbial Disease has a focus
on microbial pathogenesis and immune defense, particularly as related to
biothreat agents and emerging infections. Faculty at the Albany Medical
College receive competitive salaries, attractive start-up packages, and
access to the Center’s ABSL-3/B5SL-3, Microbiology and Immunology
Core Labs. In addition, we have established a close relationship with the
New York State Depatment of Health Wadsworth Laboratories, providing
a diverse environment that is rich in infectious disease expertise. Albany
Medical College is located in a mid-sized city within the upstate New
York Capital Region, and has easy access to Boston, New York City, and
the Adirondack Mountains.

Applicants should send their curriculum vitae, a statement of research
plans, and three letters of reference to: Dennis W, Metzger, Ph.D,,
Professor, Theobald Smith Alumni Chair and Director, Center for
Immunology and Microbial Disease, Albany Medical College, 47 New
Scotland Avenue, MC-151, Albany, NY 12208. For further information
about the Center, visit www.ame.edu/Academic/Research/imd.htm.

An Equal Opportunity/Affinmative Action Emplover:
Women and minorvities are encowraged to apply.

Il
Wheaton College

Pranl_Besial i Pl Porogsses
Exercise Physiologist Position

The Applied Health Science Department of Wheaton College is
searching for a full-time, tenure track faculty member with expertise in
exercise physiology at the assistant or associate professor level. The
person appointed will make a significant contribution to the
department’s academic and spiritual components. The person will be a
well trained physiologist with the specialty of exercise along with a
good biochemistry and metabolism background. This person must be
able to engage students in the classroom setting and to mentor them in
independent research projects. The teaching requirements include
courses in Integrative Human Physiology, Physiology of Exercise,
Cardiovascular Evaluation and Prescription, and geneml education
classes in Wellness, The person will develop elective courses in hisher
area of specialty. The department is focused on human health and
lifestyle with most of its students pursuing careers in the health
professions. A doctorate is required.

Deadline for applications is October 31, 2007

The appointment will begin July I, 2008

Applicants should send curriculum vita and description of their
teaching philosophy and research interests to: Dr. David Tanuzzo, Chair:
Applied Health Science Department: Wheaton College: 501 College
Avenue: Wheaton, IL 60187 or email david.ianuzzo@ wheaton.edu

Additional application materials will be sent to eligible candidates.

Wheaton College is an evangelical Christian liberal arts college whose
faculty members affirm a Statement of Faith and the moral and life: r

expectations of our Community Covenant. The College complies with
federal and state guidelines of nondiscrimination in employment;

women and minorities are encouraged to apply.

ASSISTANT PROFESSOR IN
NEUROSCIENCE

Applications are invited for a tenure-track Assistant Pro-
fessor position 0 the Julius L. Chambers Biomedical/
Biotechnology Research Institute (BBRI) at Morth Caro-
lina Central University (NCCU ). The BBRI is a 40,000
sq ft state-of-the-art research nstitute, with research pro-
grams in neuroscience, cardiovascular and cancer biology, Research resources
available at the BBRI include: genomics and bicinformatics core facilities;
histopathology and imaging kiboratories: a zebrafish core and amodem animal
care and use Facility. The proximity of NCCU/BBRI to the North Carolina
Research Triangle Park and to collaborative colleges and universities will
afford the candidate an unusually rich opportunity to develop joint programs
in neuroscience that have a high probability for long-term success.

The successful candidate will be expected to: establish an extramurally
funded research program that focuses on neuredegenerative diseases or
CNS development: train graduate students i Neuroscienee; and teach al
the undergraduate and/or graduate level in Neuroscience, Preference will be
given to individuals using mouse or zebrafish models to study the molecular
mechanisms of neurodegenerative diseases. Applicants must hold a Ph.D.
and/or M.D., and have a record of research productivity in Neuroscience.

Tirws . el Panrdm

Review of applicants will begin immediately and will continue unnl the
position is filled. Applicants should submit curtdculum vitae, a description of
research interests, and contact information for three references to:
Ms. Connie Key
Julius L. Chambers Biomedical/Biotechnology Research Institute
North Carolina Central University
T00 George Street
Durham, NC 27707

Email: chkey@ neeu.edu

For more information about the BBR1 and NCCU vasit bttp//www.necu.edu/
BBRI.

North Caroling Central University is a constifuent institution of the Uni-
versitv of North Caroling System and an Equal Opportuniny,
Affirmative Action Emplover, NCCU complies with the Immigration
Reform and Conmtrol Aot of 1986,

Medical
Center

Department of Physiology and Cell Biology
Tenure Track Faculty Position

The Department of Physiology and Cell Biology at The Ohio
State University invites applications for a tenure track appoint-
ment at the Assistant Professor level in cardiovascular cell and
molecular physiology. We are especially secking individuals
performing cutting-edge research focused on cellular signal-
ing pathways relevant to cardiac development, hypertrophy
and heart failure. The appoiniment is to complement existing
strengths in Cardiac Calcium homeostasis and muscle physiology.
Exceptional candidates in any area of cell signaling will also be
considered. The successful candidate will have an established
extemally funded research program or the ability to establish
one. Faculty will also have the opportunity to collaborate with
scientists in the Davis Heart and Lung Research Institute and
other established research centers. Faculty will be expected to
participate in the Departmental teaching activities as appropriate.
Letters of application should clearly outline teaching and research
interests along with Curriculum Vitae and a list of references.

Please apply for this position to: Muthu Periasamy, Ph.D.,
Chair, Dept. Physiology and Cell Biology, The Ohio State
University, 304 Hamilton Hall, Columbus, OH 43210-
1218, periasamy.l@osu.edu. Sce departmental website:
www.medicine.osu.edu/physiology.

The Ohio State University is an Equal Opportunity/
Affirmative Action Emplover:

online @sciencecareers.org
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) DANA-FARBER

Dedicated to Discovery...Cormmitted to Care.

ASSISTANT PROFESSOR

MEDICAL SCHOOL

HEALTHCARE SYSTEM

FACULTY POSITIONS IN
GENETICS AND GENOMICS

(Tenure Track)

Metabolic Re gul ation The Harvard Medical School - Partners HealthCare Center

for Genetics and Genomics (HPCGG) is secking exceptional

online @sciencecareers.org

The Department of Cancer Biology at Dana-Farber Cancer Institute and the : : :
Department of Pathology at Harvard Medical School seek applicants for a cand 'd?tcs L .Icad‘rcscarcl‘f pmgra!ns - hum‘an genetics and
tenure-track faculty pasition. We will consider outstanding applic ants inter- genomics. Successful candidates will be appointed at the level
ested in any area of cellular and molecular biology, but we are particulary of tenure-track Assistant Professor. For more information,
interested in candidates working in the area of regulation of energy home- please visit our website at www.hpegg.org
ostasis as it relates to chronic diseases such as cancer, diabetes, aging and =
neurodegenerative diseases. The ideal candidate will be capable of working ; - X . s
at r;:?e cell and molecular level, but will also have experience with in vivo Applicants should electronically submit a curriculum vitae,
model systems. The successful applicant will be expected to develop a strong, : y i
independently funded research pm%gm and to participate in the teaching a1br{cll" (500 word) statement of cur_rc nt and future n:scarclh
mission of the [nstitute and Harvard Medical School Candidates must hold a directions, and have three letters of reference sent on their
Ph.D. and/or M.D. degree and have a strong record of research accomplish- behalf to:
! ments. Applications from women and minority candidates are encouraged. Christine Seidman, M.D.
l'i Candidates should submit a curriculum vitae including a full list of pub- Associate Director, HPCGG
lications, a brief statement of previous contributions and future c/o Andrea Wald McDonald
:gfs:ri;ar;lcrepslatgs as well as the names and contact information of four 77 Avenue Louis Pasteur, NRB 250
Faculty Search Committee Boston, MA 02115
n); Deborah Goff
Dana-Farber Cancer Institute Email to: awaldmcdonald @ partners.or
n Room SM1068, 44 Binney Street, Boston, MA 02115 : @p B
E-mail: deborah_goff@dfei.harvard.edu T "
¢ a cation ae ine 1s pecemner .
4 — : The application deadl D ber 1, 2007
pplications must be
o SIS HARVARD Shishesire : s .
= bﬂ\f MEDICAL SCHOOQI., November 1, 2007 Women and minority candidates are encouraged to apply.
p— I% The Dara Farber Cancer lnstitute Harvard Medical School and Brigham and Women s Hospital
g : 5 an Equal Opportuntty Employer are Equal Opportunitv/Affirmative Action Emplovers.
o SHARE THE VISION. FIND THE CURE
=
-
a UNIVERSITY OF Faculty Position
> Cell Biology Program
[ z z
| Sloan-Kettering Institute
AI’ESty Endnwed Cha Ir The Cell Biology  Program, Sloan-Kettering  Instinue
in Trﬂplcal Blolngy (www.skiedu) has initiated a search for enurearack facuhy
members. We are interested in owstanding individuals who
L ) ) o ) have the potential o develop an innovative. independent
The Department of Biology of the University of Miami research program that complements and enhances our existing
seeks a distineuished scientist for the Arestv Endowed sirengths. Candidates with research interests in exciting areas
s .-_ i Ry e i F i = of eukarvotic cell biology and using a varety of experimental
ChairinTi G]"]lf.‘i'll Blﬂlﬂg}. I'he Elp}')t'lll'lll'l'tﬂ]]l\'-l” be Il‘IEId.L‘ approaches and systems are encouraged o apply. New facaly
at the associate 1‘}[‘{}11.3:-‘-:-'-1.11‘ or ]'lrl.}rl.,“bi.*;m' rank. The chair will be eligible 10 hold graduate school appoiniments in the
. : I e ANRE -1 bl pm— Gersmer Sloan-Kettering Graduate School of Biomedical
llt?ldl..]‘ H}HSIhL IL!IG“?Rd for l!'ﬂplLal lerrestrial resear C_h Sciences, the Weill Graduate School of Medical Sciences of
with animals, and will C'i.'}l'llll'lb.'l.lic I'ﬂ_ the dC]’Jill‘Ti".I".IC!‘II 5 Cornell University, as well as the Tridnstinonal MD/PhD
focus on ecology and evolution in tropical systems. Field Training Program. SloanKettering has an  outstanding

infrastmiciure as well as siate-ofthe-art core resources, and we

work should be an integral component of the candidate’s e :
et dTe oW ﬁ-lglllll{'iitlﬂr l"ﬁl’li-’l.lldi.]‘.l_s{ oy research pnmr:um.

research. We seek an excellent teacher who will offer

both LlIldC-l'gl'ﬁdLlE]lU and g[ﬂduﬂ[c courses including an [nterested  individual  should  e-mail  their application,
I : " ; E s i, preferably in PDF format, 1o: cellbio@mskec.org by November
Lli'ld(:]‘gfﬂdllall. ficld course. off CALIENS, 10 the tr QpICs. 15, 2007, The application should include & Coarrculum Vitae, a
description of past research, 4 descniption of proposed

Applicants should send electronically a curriculum vitae, research, and copies of three representative publications.
: e e . S Candidates should arrange o have three signed letiers of
?mm"“‘ HTth‘]‘LhL arch 31‘151 l{:d(.‘hll"lg interests, and contact recommendation sent by e-mail to: cellbio@mskee.org and by
imformation for three references to: postal mail 10: Cell Biology Search, c/o Tiffany Lennon,

Memorial Sloan-Kettering Cancer Center, 1275 York Avenue,
Box 135, New York NY 10065. The lewers shoukl arrive by
November 15, 2007, Inouiries can also be made by e-mail 1

Aresty Chair@bio.miami.edu.

The University of Miami is committed to cellbio@mskec.org. FOE/AN.
increasing the representation of women and
minorities in its faculty, and encourages 74y Memorial Sloan-Kettering Cancer Center
applications from such candidates. ",‘___,-'i Tt Bk o ettt Aoyt

v s kR OC




Faculty Positions In

Molecular Biology

The Molecular Biology Program of the Sloan-Kettening Institute,
Memonal Sloan-Rettering Cancer Center (wwwskiedu), has initiated a
faculey search ar the Assistant Member level (equivalent o Assistant
Professor). We are interested in owstanding individuals who have
demonstrated records of significant accomplishment and the potential to
make noteworthy contributions o the biological sciences as independent
investigators. Successful applicants will have research interests that move
the Program into exciting new areas that complement and enhance our
existing steengths in the weas of mantennce ol genomic integrey,
regulation of the cell cyele, and regulation of gene expression. Faculty will
be eligible to hold appointments in both the Gesmer Sloan-kettering
Graduate School of Biomedical Sciences and the Weill Graduate School of
Medical Seiences ol Cornell University,

Candidates should e-mail their application in PDF  formar o
molbio @mskcc.org by November 15, 2007. The application should include
a OV, adescription of past research, a description of proposed vesearch, and
copies of three representative publications, Candidates shouled arcange w
have three signed letters of reference sent by c-mail ! molbio@mskec.org
or by regular mail to Dr. Kenneth Marians, ¢ /o Steven Cappiello, Box 135,
Memorial Sloan-Kettering Cancer Center, 1275 York Avenue, New York,
New York 10065. The letters should armive by November 15, 2007, Inguiries
may be sent to Mr. Cappicllo at: molbio@mskec.org or to Dr. Kenneth
Marians, Chair, Molecular Biology Program: kmarians @sloankettering.edu.
Memonal Sloan-kettering Cancer Centwer s an Equal  Opportuniny
Employer. Smoke-free environment.

'|. Memorial Sloan-Kettering

i Cancer Center
e The Best Cerncer Care Awnyarrfrere.

www.anskoc.ong

Tenure-Track Faculty Position

2
- i -|'J :"} in

”% ,é-‘ Biochemistry and Molecular Biology

ﬁ,,re.'__iuj‘ft;i:'E

We are seeking to fill a faculty position at the ASSISTANT, ASS0-
CIATE OR FULL PROFESSOR rank. Applicants at the Assistant
Professor level must have a Ph.D. or equivalent with at least two
years postdoctoral training. Applicants at the Associate or Full Pro-
fessor level are further expected to have a strong record of research
productivity and extramural support. All areas of biochemistry and
molecular biology will be considered, but special consideration will
be given Lo those whose research expertise complements existing
faculty interests. These include neurobiology (including receptor
trafficking and neurogenesis), regulation of protein synthesis and
degradation, transcriptional regulation and chromatin silencing, cell
signaling through protein kinases and phosphatases, DNA damage
and repair, enzyme catalysis, molecular chaperones, and cancer
biology (including chemopreventive action of retinoids, integrin
signaling, invasive carcinoma, progression to metastatic disease,
and gene therapy). Teaching responsibilities include participation in
bothmedical and graduate school courses. The Department will assist
with technical support and competitive start-up funds. LSUHSC-5
maintains a central Research Core Facility encompassing eight state-
of-the-art technologies.

Review of applications will begin in November 2007. Send curricu-
fum vitae, a description of current and future research interests, and
the names of three referees to: Robert E. Rhoads, Ph.D., Professor
and Head, Department of Biochemistry and Molecular Biology,
Louisiana State University Health Sciences Center, 1501 Kings

Highway, Shreveport, LA T1103; http://www.shrevebiochem.com/

LSUHSC is an Affirmative Action Employver:

UK

UNIVERSITY OF KENTUCKY

Department of Microbiology,
Immunology and Molecular Genetics
Two Positions at the Assistant/Associate
Professor Level

The Department of Microbiology, Immunology and Molecular Genetics,
College of Medicine, University of Kentucky, seeks two tenure track
faculty in MICROBIAL PATHOGENESIS at the Assistant or Associate
Professor level. Areas of research interest include: host response to
microbial pathogens, genetic basis of resistance to microbial infection,
microbial virulence mechanisms, innate defenses against infection, and
vaccine development. Applicants should have a Ph.D. and'or M.D., or
equivalent degree. and postdoctoral experience. Successful candidates
are expected to develop/maintain an innovative, externally funded
research program as well as participate in graduate and medical student
teaching. This is an excellent opportunity to join a department with
strong predoctoral and postdoctoral training programs, and research in
microbial pathogenesis, eukaryotic molecular biclogy, molecular and
cellular immunclogy, and molecular virology. Excellent start-up funds,
state-funded salary commensurate with experience and modern research
facilities will be provided.

Applications should include curriculum vitae, representative reprints,
a summary of past experience, a statement regarding research interests
and future plans, as well as three letters of recommendation. All material
should be sent to: Chair, Faculty Search Committee, Department
of Microbiology and Immunology and Molecular Genetics,
MS409, Medical Center, University of Kentucky, Lexington,
KY 40536-0298. Telephone: B00-462-5257; FAX: 859-257-8994;
kfres] @ pop.uky.edu.

The Universitv of Kentucky is an Equal Opportunity/Affirmative Action
Emplover and has an affirmative duty to reasonably accommodate
otherwise qualified individuals with a disability.

Tenure Track Faculty Position
in Developmental
and Stem Cell Biology

MEDICAL
COLLEGE

OF WISCONSIN Department of Cell Biology,
Neurobiology and Anatomy/ Regenerative
Medicine Program

A tenure track faculty position at the Assistant or Associate Professor
level is available for a cell biologist who uses cellular and/or molecular-
genetic approaches to address fundamental aspects of stem cell biology.
Candidates applyving knowledge of developmental biology to the study
of human embryonic stem cell differentiation and/or pluripotency are
particularly encouraged to apply. Competitive salary, laboratory space
and start-up funds are available. Candidates at the Associate Professor
level are expected to bring a vigorous research program with significant
extramural funding. Current research strengths in the department include
developmental biology of the gastrointestinal, cardiovascular and ocular
systems. Candidates whose work complement these areas and incorporate
innovative approaches are especially encouraged to apply. A Ph.D. or
M.DJ/Ph.D. degree (or equivalent), plus additional postdoctoral experi-
ence are essential.

Interested individuals should send a resume, research plans, and the
names of three references to:
Dr. Stephen A, Duncan
Chairman, Search Committee
Regenerative Medicine Program
Department of Cell Biology, Neurobiology and Anatomy
Medical College of Wisconsin
8701 Watertown Plank Rd
Milwaukee, Wisconsin 53226-0509

For more information on the MCW Cell Biology Department visit our
Website at http://www.mcw.cdw cellbio/.
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DIRECTOR, CARDIOVASCULAR DISEASE
RESEARCH PROGRAM
Applications are invited for an experienced scientist to direct
the Cardiovascular Disease Research Program at North Carolina
Centml University (NCCU). The Program Director will have a
unigque opportunity to lead a multidisciphnary, imter-mstitutional cardiovascu-
lar disease rescarch program located in the 40,000 sq fi. Julius. L. Chambers
Biomedical/Biotechnology Research Institute (JLC-BBRI). This state-of-the-

art facility, which also houses NCCU s Cancer Research and Neuroscience of

Drug Abuse Programs, offers a range of rescarch-related resources including
Genomics, Biomnfomatics, and Transgenic Zebrafish Core Facilities, and a
modern animal care and use facility.

In addion w conducung and promotng cardiovascular rescarch, the Program
Director will provide scientific and admmistrative leadershup for all | LC-BBE.|
cardiovascular discase rescarch projects’programs. The Program Director will
support exasting cardiovascular discase rescarch projects/programs as well as
forge new partnerships with scientists at other stitutions/corporations. The
proximity of NCCU to the Morth Carolina Research Triangle Park and to the
state’s flagship rescarch universities will afford the Director an unusually rich
opporiunity o develop joimt progrmms in cardiovascular biology with a high
probability for long-term success,

Apphicants must hold a Ph.D. and/or M.D_, havea record of sponsored research
progrm management, and meet requirements for atenure-track faculty appoint-
ment a1 the Associate Professor or Professor level in an NCCU basic scicnee
department. Addimional requirements mclude demonstrated adminisirative
and scientific leadership, a strong record of peer-reviewed cardiovascular
rescarch publications and rescarch funding, prior teaching experience ai the
undergraduate and graduate levels, and other professional accomplishments,
Review ofapphcants will begin mnmediately and wall continue until the positon
15 filled. Applicants should submit cumiculum vitae, a descnption of research
nterests, and contact information for three reflerences to: Ms. Connie Key,
Julius L. Chambers Biomedical/Biotechnology Research Institute, North
Carolina Central University, 700 George Street, Durham, NC 27707;
Email: chkey@neccu.edu, For more information about the BBR1 and NCCU
visit hitpa/www.nccu.edu/BBRI.

NCCU is a constituent insiifution of the University of North Caroling Sysiem

and an Equal Opporiunit, Affirmaiive Aciion Emplover NCCU complies
with the Inmmigration Reform and Control Act of 1986,

MICHIGAN STATE
UNIVERSITY

Faculty Position in Metabolic Regulation
of Cellular and Tissue Function
Department of Physiology

The Department of Physiology invites applications for a lenure-track
appointment at the Associate/Full Prolessor level in metabolic regulation of
i_'fll]u]-.lr and tissue funclion. Areas of interest include, but are not limited 10
diabeles and obesity (metabolic syndrome, diabetic complications, epigenetic
models); infllammation and cardwvascular disease; and neuronal contol of
melabolism. Candidates must hold a Fh.D., M.D_| or equivaleni degree as
well as an established exaramurally funded research program.

The successful candidate will join a MSU depanment with strong basic research
programs in diabetic complications, B<cell function, lipid metabolism,
mflammation, neuroscience and biomedical imaging. He or she will be
expected to intemel collaboratively with other Geulty in the depariment and
university and participate in the departmental teaching mission. The laboratory
s in a new building thal offers state ol the ant research [adlhities including
animal research, proteomics, genomics and conlecl micoscopy facilities, as
well as library and teaching facilities

Interested individuals should submit a complete curriculum vita, a brief
stalement of research interests, and eledronic copies of key publications.
Applicants should also provide the names and contact information of three
individuals who can l.".'.;hl,l..lli: their accomplishments and fature potential for
research and teaching Review of applications will begin September 30, 2007
and continue until the position is filled.

Applications should be sent electonically 1o: psliepos@msu.edu, Chair,
Metabolic Regulation Search Committee;William 5, Spielman, Prolessor
and Chairperson, Department of Physiology, Michigan State University,
East Lansing, MI 488424-3320, Phone: 517-353-4530.

Michigan State University is committed Lo achieving excellence through
cultural  diversity. The university aclively encourages applications
andfor nominations from women, persons of color, velerans and persons
with disabilities.

MSL IS AN AFFIRMATIVE ACTION, EQUAL OPPFORTUNITY EMPLOYER

is recruiting tenure track faculty at the Assistant Professor level
for a new multi-disciplinary Department of Stem Cell and
Regenerative Biology (DSCRB), Harvard’s first joint Depart-
ment bridging the Faculty of Arts and Sciences and the Medical
School.

The department’s research and teaching focus includes devel-
opmental biology broadly interpreted; stem and progenitor cell
biology: tissue and organ formation; tissue regeneration, and
repair- studied at the molecular, cellular, and organismic levels
across organ systems. We are seeking faculty with a history of
innovative, interactive research using human, other mammalian
or non-mammalian systems and those with an interest in teach-
ing undergraduate, graduate and/or medical students. Faculty
will join a dedicated core of scientists and physician-scientists
emphasizing stem cell and regenerative biology to inform the
understanding of human diseases.

Applications including curriculum vitae, reprints of publications,
statement of present and future research plans (1-3 pages), and
three letters of recommendation should be submitted to Profes-
sors Andrew McMahon and Kenneth Chien, co-<chairs, DSCRB
Search Committee ¢/o Ravmond Coderrei@harvard.edu. We
strongly encourage applications from women and minority can-
didates. Submission by October 31, 2007 is encouraged.

Harvard is an Affirmative Action/Equal Opportunity Emplover.

ASSISTANT PROFESSOR

Massachusetts General Hospital Cancer Center
and
Harvard Medical School

The Massachusetts General Hospital Cancer Center 15 seeking
applications for atenure track faculty position at the level of Assistant
Professor. We seek outstanding individuals who wish to establish
a strong cancer research program with interests including, but not
limited to, cancer biology, cancer genetics, genetic model organisms,
signal transduction, and cell cycle checkpoints. Candidates must
hold a Ph.D. and/or M.D. degree (or equivalent), have postdoctoral
experience and a strong record of accomplishment in research.

Applications from women and minority candidates are strongly
encouraged.

Candidates should submit a curriculum vitae including a full list of
publications and a brief statement of research and teaching interests to
the address below. Four letters of reference should be mailed directly
to the Search Committee.

Search Committee
¢fo Carol Ann Hannan
MGH Cancer Center
13" Street. Building 149, Room 7204
Charlestown, MA 02129

Complete applications including four letters of reference must be
received by October 15, 2007.

Massachusetts General Hospital and Harvard University

uphold a commitment to
Affirmative Action and Equal Opportunity.




FACULTY POSITIONS

FACULTY POSITIONS

yAdUTMB

The University of Texas Medical Branch

FACULTY POSITIONS IN
BIOINFORMATICS AT UTMB

The Sealy Center for Molecular Medicine
{SCMM) and the Institute for Clinical and
Translational Research (ICTR) at the Uni-
versity of Texas Medical Branch (UTMB) at
Gralveston are secking outstanding applicants
for three new positions in bicinformatics—a
tenure-track professor, a tenure-track assis-
tant or associate professor, and a postdoctoral
fellow. Substantial startup packages arc avail-
able for UTMB faculty positions.

Tenure-Track Professor (STAR Regents
Research Scholar): Individuals with out-
standing externally funded programs in
bioinformatics are sought for this highly
competitive professor position supported by
the UT System STAR program. The successful
applicant will take a leadership role in devel-
oping an interdisciplinary, inter-institutional
cffort in bioinformatics and systems biology.
Scientists with interest in defining protein
interaction networks, inference of network
architecture and relationships, and integra-
tion with dynamical pathway modcling are
specifically sought.

Tenure-Track Assistantor Associate Profes-
sor: Candidates for this assistant or associate
professor position should have potental and
interest in developing an extramurally funded
program in the bivinformatics of protein inter-
action networks, pattern recognition statistics,
and/or pathway modeling. The successful
applicants will be jointly appointed in The
Department of Biochemistry and Molecular
Biology at a rank and salary commensurate
with experience.

Postdoctoral Fellow (In Collaboration with
Sandia National Labs}: This postdoctoral
fellow position will work 1in conjunction with
an emerging inter-institutional collaboration
between the SCMM and Sandia National
Laboratories. The successful candidate will
be involved in developing/analyzing stochas-
tic models of inflammation-induced signaling
networks and working with teams develop-
ing high-content imaging and computational
mathematics.

A strong interdisciplinary collaborative
environment is available with additional
opportunities for interactions with investi-
gators in centers of scientific excellence in
aging, cancer, infectious diseases, structural
biology and environmental health. Access to
cxtensive computational resources are avail-
able at UTMB. UTMB is a member of the
Houston/Galveston W.M. Keck Center for
Interdisciplinary Bioscience Training and the
Giulf Coast Consortium for Bioinformatics. To
apply for any of these positions, please send
a C.V., brief description of research intcrests
and names of four references to: Allan R,
Brasier, MD, Director, Sealy Center for
Molecular Medicine, The University of
Texas Medical Branch, 301 University
Blvd., Galveston, TX 77555-1060; Email:
arbrasic/@utmb.edu.

LITMB is an Egqual OpportunitveAffirmative
Action University that proudly values
diversity. Candidates of all backgrowunds are
encouraged to apply.

THE UNIVERSITY OF CALIFORNIA AT BERKELEY
Faculty Positions in
Molecular and Cell Biology

The Department of Molecular and Cell Biology seeks applications for two facalty positions. We seek
candidates with Ph.D. and/or M. D. degrees who have a strong interest in undergraduate and graduate
teaching and demonstrated excellence, originality and productivity in research. Applications should
include a curriculum vitae; a list of publications; a brief description of research accomplishments;
a statement of research objectives and teaching interests; and reprints of three most significant pub-
lications. Please arrange to have three letters of reference sent in by the deadline date of November
15, 2007. Potential reviewers should be referred to the Statement of Confidentiality found at: hitp:
/fapo.chance.berkeley.edu/evalltr.html. Successful candidates are expected to join the faculty July

1, 2008 or thereafter. On-line applications and letters of reference are preferred and can be made
through http://mcb.berkeley.edu. Paper applications should be directed to:
Faculty Search [indicate preferred search area(s)]
Department of Molecular and Cell Biology
University of California at Berkeley
142 Life Sciences Addition #3200
Berkeley, CA 94720-3200

Eukaryotic Genetics/Genomics #1111
The Division of Genetics, Genomics and Development seeks applications for a faculty position at
the level of Assistant Professor (tenure-track), in any area of genetics/genomics, with a preference
for research in behavioral genetics or in human or mammalian variation, epigenetics or disease.
Closing date for receipt of applications is November 15, 2007.

Biochemistry and Biophysics #9718
The Division of Biochemistry and Molecular Biology secks applications for a faculty position at the
level of Assistant Professor (tenure-track). Excellent candidates in all areas of modern biochemistry
and biological chemistry will be considered, but we are particularly interested in candidates who
are applying quantitative tools to the study of biological macromolecules. Closing date for receipt
of applications is November 15,2007,

The University of California is an Affirmative Action/'Egual Opportunitv Emplover:
”4‘('.\!1'.‘ are J‘H:JH.‘-HHJ‘H‘”! {K'UH‘[’,'HH:(' I'l-'q'.‘ul' H,'.illf.i'vl'.i'fﬂf.l'ﬂl’.:'l”.\'.

POSITIONS OPEN

Group Leaders

Reference number: PI/07/15

Group Leader positions are available in the Paterson Institute, a leading
cancer centre of excellence core-funded by Cancer Research-UK,

the largest independent cancer research organisation in the world,

The Institute supports numerous basic and translational cancer research
programmes (see our website) and is located adjacent to the Christie Hospital, a specialist cancer
haspital, thereby ensuring ample opportunities for interaction across the basic to clinical research
spectrum. The Institute is also at the heart of the newly formed Manchester Cancer Research
Centre (MCRC) - www.manchester.ac.uk/merc

Paterson

lrstitute for Cancer Research

The positions are open to non-clinical and clinical researchers. Substantial core research support
will be provided, including fully-funded positions, start-up and running costs as well as access to a
wide-range of state-of-the-art research services. Positions are for six years initially with
consideration for promotion to Senior Group Leader after five years, Direct appointment to a senior
position will also be considered.

You would be expected to develop an independent research programme in an area of cancer biology
that complements the overall research efforts of the Institute and the MCRC. We are particularly
interested in programmes within the areas of:

* Tumour microenvironment = Mammalian cell proliferation and cell signalling

» Genome instability = Mouse cancer models
Informal enquiries should be addressed to Prof Nic Jones, Director of the Institute,
email: njones@picr.man.ac.uk and applications including a CV, names of three referees

and a short summary of past research and future plans should be sent to Laura Humes,
HR Assistant, email; lhumes@picr.man.ac.uk

The deadline for receipt of applications is Friday 26 October 2007

www.paterson.man.ac.uk

- ot
824 CANCER RESEARCH UK jo
L]

The University of Manchester g ]

MANCHESTER

online @sciencecareers.org

2
:
G
:
7,




AT
Posztzons E

_-’-'l;pr_
_—

r'

THE NATIONAL [INSTITUTES OF HEALTH

l\dm . Department of Health and Human Services
CER National Institutes of Health
INSTITUTE National Cancer Institute

The Celland Cancer Biology Branch at the National Cancer Institute 1s currently investigating various aspects of normal tissue stem
cells, as well as the microenvironment-tumor relationship. This area of cancer research holds great promise in the treatment and
prevention of cancer and a great deal remains to be learned about the identification and 1solation of these cells. We are accepting
applications for a Staff Scientist position. Incumbent will oversee the research activities of this Branch and specifically our efforts
in defining the role of stem cells as a cancer initiator and determinant of the metastatic process. The applicant will have an MD or
Ph.D. in biomedical science and a demonstrative record of strong leadership in addition to working in a collaborative setting. The
salary range will be $74,503 - $162,371.

The Cancer and Cell Biology Branch (CCBB) is part of the Center for Cancer Research (CCR), which is the largest organization
at the NCI dedicated to conducting basic, translational and clinical research on the discovery of the causes and mechanisms of
cancer. The CCR is a highly interactive, interdisciplinary group of researchers who have access to new technology and the ability
to participate in clinical investigations while maintaining a foundation for independent research.

As part of the Department of Health and Human Services (DHHS), which oversees the biomedical research programs of the National
Institutes of Health and those of the NIH's research Institutes, NCI offers a vast array of resources and exciting opportunities for
interlaboratory collaboration to our investigators. The NCI/NIH intramural research program provides an exceptionally rich environ-
ment for carcer development. Please send or email CV, cover letter and three references to: Simone John, Office of the Director,
National Cancer Institute, 31 Center Drive, Room 11A19, Bethesda, MD 20892 or johnsi@ mailnih.gov. All applications
must be submitted no later than October 15, 2007.

@ Senior Medical Officer

The Division of Extramural Research (DER), National Institute of Dental and Craniofacial Research (NIDCR ) seeks an experienced, highly qualified Senior Medical
Officer with expertise in infectious diseases, phamacovigilance, and product development. The Division of Extramural Research, NIDCR, is responsible for all
extramural research in the Institute, This ranges from basic through translational to clinical research, including large and complex Phase I1I efficacy tnals as well
as population based trials in the dental-practice based research networks, and health disparities centers. Product development activities include development and
clinical evaluation of diagnostics, vaccines and therapeutics across the spectra of microbiology, immunology, minerlized tissue, salivary gland physiology and
dysfunction, neurosciences, head and neck cancer, developmental biology, regenerative medicine, lissue engineering and materials science.

The incumbent will serve as key advisor 1o the Director DER and the scientific programs on all ¢linical research issues and provide objective, experience-based
guidance and oversight; be responsible for oversight of the DER clinical research program including development, standardization, implementation and execu-
tion of policies, procedures and standards of conduct for clinical research to ensure that all DER, NIDCR-sponsored domestic and international clinical research
is conducted in full compliance with all applicable regulations and policies and meets established standards of quality, integrity and ethics; be responsible for
identifying and resolving a vanety ol complex clinical trials management, policy and administrative issues that require close coordination and interfacing within
the DER chnical program, with NTH Institutes, CDC, the DoD, the FDA, other Federal agencies, as well as pharmaceutical companies and patient advocacy and
community groups; assume responsibility for designing, implementing and overseeing all safety oversight activities associated with clinical research comprising
more than minimal risk to the human subjects, including all interventional trials and clinical studies in vulnerable populations; e.g., pediatrics, pregnant women;
manage and oversee the DSMBs overseeing the Phase IT1 clinical trials and interfacing with counterpart physicians associated with the trials, in industry and at
the FDA; and serve as the physician interfacing on medical and safety issues with medical colleagues affiliated with clinical research supponted by NIDCR.

Applicants must have a MD degree and be Infectious Diseases Board eligible or certified. In addition, specific clinical expertise in the current state of product
development and clinical trials and practice in infectious diseases is required along with a broad understanding of the policies and programs necessary for a feder-
ally-funded clinical research program. Women and minorities are encouraged to apply. Salary commensurate with qualifications and experience.

Applicants should submit a current CV, Bibliography and the names and contact information [or three references to Ms. Carol Beasley, National Institute of
Dental and Craniofacial Research, 31 Center Drive, MSC 2290, Bldg. 31, Room 2C-39, Bethesda, MD 20892-2290. Applications also may be submitted
via email to carol.beasleyi@nih.gov. The application deadline is October 15, 2007.

THE NIH IS DEDICATED TO BUILDING A DIVERSE COMMUNITY IN ITS TRAINING AND EMPLOYMENT PROGRAMS




Today's Science Student
Tomorrow's Leader

Recognized worldwide for our cutting-edge medical and scientific research, the National

Institute of Allergy and Infectious Diseases (NIAID) has a responsibility to improve global
health in the 21st century. Our basic and applied research programs are aimed at improv-
ing diagnosis, treatment, and prevention of immunological, allergic, and emerging and

re-emerging infectious diseases.

Visit NIAID for its 5-day exploratory program:

Intramural NIAID Research Opportunities
February 3-7, 2008

Explore NIAIDs unigque research training programs during INRO and
* Hear scientific lectures from some of the world’s most talented investigators.
* Tour Institute laboratories and see the state-of-the-art science equipment,

e [nterview with principal investigators for potential research training positions.

The open application period is from 8/15/07 - 10/15/07.

To learn more about INRO and submit your application, please visit

http://www.niaid.nih.gov/labs/training/inro




PICTURE YOURSELF AS A
ARAS SLIENUE & T ECHNCOLOCYY
POLICY FELLOW!

online @sciencecareers.org

Advance your career and serve society by
plugging the power of science into public ;
policy. Year-long Science & Technology Policy
Fellowships offer opportunities in six thematic
areas: Congressional ® Diplomacy * Energy,
Environment, Agriculture & Natural

Resources * Global Stewardship # Health,
Education & Human Services * National

Enhancing Public Policy,
Advancing Science Careers

s
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James Fleming, PhD

Defense & Global Security. ; _
- 1 History of Science,
Work in Dynamic Washington, D.C. gree, /| Princeton University.

i A 2006-2007 AAAS Roger
SlnEE'19?3. ;TMS FE“.GWS favelesn ‘2o fa / Revelle Fellow in Global
applying their expertise to federal decision- 415 Stewardship, serving as
making processes that affect people in the ¥ a public policy scholar at
U.S. and around the world. Assignments are available b the Woodrow Wilson

s ' 8 b International Center for
inthe U.S. Congress and executive branch agencies. Scholars,

& A Recently retumed to Colby
Jointhe Network. . College, where he serves
Applicants must hold a PhD or equivalent as professor of Science,

doctoral-level degree in any physical, ECHNOIORY, ANCS0Ctety.

biological, medical/health, or social/
behavioral science, or any engineering
discipline. Individuals with a master’s
degree in engineering and three
years of post-degree professional
experience also may apply. Federal
employees are not eligible and
U.S. citizenship is required.

Learn More.

The application deadline for
the 2008-2009 fellowships
is 20 December 2007.
Fellowships are awarded
inthe spring and begin in
September. Stipends range
from $67,000 to $87,000.

AAAS partners with 30 scientific societies that also

sponsor congressional and executive branch fellowships. M‘ AAAS

Visit our Web site fﬂf more details. fellowships.aaas.org ADVANCING SCIEMCE. SERVING SOCIETY
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Up to three rescarch fellowship
positions ar¢ available in
a new international joint
initiative, funded by the Human
Frontiers Science Program.
The collaborators include Peter
MacCallum Cancer Centre and
Swinbume University in Australia
and University of California
Berkeley, USA. The initative
will involve the application of
advanced imaging techniques
to determine how cell polarity
proteins regulate thymocyte
development using both in
vitro and in vivo approaches.
The individual rescarch fellows
will each be associated with
a single institution but will
interact with rescarchers at
the other institutions to apply
multidisciplinary approaches
to the study. Experience in
immunology, cell biology and
photonics is required, and the
successiul candidates will have
demonstrated skills in both
independent research and working
within a team. The positions are
available for one year in the first
instance, but renewable for up to
three years thereafier.

Interested candidates should send

a copy of their curriculum vitae

to either:

Sarah Russell, Peter MacCallum
Cancer Centre

(sarah.russell@ petermac.org)

Ellen Robey, UC Berkeley
(erobeyia berkelev.edu)

or
Min Gu, Swinburne

University of Technology
(mgui@ swin.edu.au)

EMBL

Eurepean Bioinformatics Institute (EBI) is located on the
Wellcome Trust Genome Campus at Hinxton, near Cambridge
and provides cutting-edge research, service and training in the
field of bioinformatics. The EBI, a vibrant and multicultural
science institute, is looking for a

Team Leader

i EMBL-EBI

Part of the European Molecular Biology Laboratery (EMBL), the

Macromolecular Database Group, United Kingdom

We seek to appoint a Team Leader for the 3D
Macromolecular Structure Database (MSD) at the
EMBL-EBI (see: www.ebi.ac.uk/msd). This person
will be responsible for an ambitious programme,
which is part of the worldwide Protein Databank
(wwPDB), and integrates with the other research
and service activities of the EMBL-EBI. The MSD
is the European Project for the collection, manage-
ment and distribution of data on macromolecular
structures. It is a member of the worldwide Protein
Databank which maintains the global PDB archive
of 3D biological structural data. The MSD databases
serve a worldwide community of scientists through
a web site built on data warehouse technologies
and through software and hardware that facilitates
integration and access.

The post holder will be responsible for strategic
leadership and development of the European infra-
structure services for macromolecular structure
data and their relationship to related activities
throughout the world. The team curmrently includes
23 staff, with responsibility for data curation and
data services, as well as the associated develop-
ment of software and database systems to
maintain and provide the data users. This includes
the production of novel and powerful search tools.

Candidates are expected to be experienced
scientists with expertise in structural biology and
software development. We would expect them

to have an international reputation built on
demonstrated competence in the leadership of
complex international projects. The Team Leader
will also be expected to apply for grant funding to
enable future development of the team and may
also pursue a research programme in the analysis
of structural data.

Informal enquiries would be welcomed and
should be addressed to Professor Janet Thornton
(director@ebi.ac.uk).

For further information please see our websites:
www.ebi.ac.uk and www.embl.org

Closing date: 5 November 2007

EMBL is an inclusive,
equal opportunity
employer offering
attractive conditions
and benefits
approprnate to an
intemational research
organisation.

To apply, please
send a CV (including
names and
addresses of three
referees) and an
outline of a vision for
the development of
the PDB at the EBI
(candidates interested
in research should
also submit a
research plan) by
email, quoting ref.
no. S/07/132 in the
subject line, to:
applications@
ebi.ac.uk

www.embl.org
www.ebi.ac.uk
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NAVAL RESEARCH LABORATORY
Superintendent, Electronics Science & Technology Division

NRL = Naval Research Laboratory = www.nrlnavy.mil

= "« Senior Executive Service Career Opportunity
*Rate limited to that rate for Level I of the Executive Schedule
G (S US.C. 5304 (gh 20
Become a member of an elite research and development community
involved in basic and applied scientific research and advanced
technological development for tomomrow's Navy and for the Nation

] ¢ ﬂi * ES-1301, 1310 or 855: $111,676 to 168,000 per annum®
1O

Ll

o @ Manages, direets, and administers a recognized seientific work force con-

ducting a broad spectrum research program in the areas of electron device
technology and technical management of industrial contract programs which
provide advanced prototype slectron devices for new weapons systems

Bl ®hnal technical authority for broad and demanding scientific programs of

national importance, including solid state electronics, materials develop-
ment, surface physics, microwave generation, basic research in dectronic
matenials, especially semiconductors, and studies of magnetic phenamena
in a wide variety of materials over a range of frequencies.

b| @ Principal consukant to the Navy, other agencies and nations on the sdence

and developng applications for the RED programe under hivher cogmizance,

@ Applicants should be recognized as naticnalinternational awhontes and shoukd
hawe planned and executed déficult programs of national significance that show
outstanding attainment in their field of research.

@ Optional Application for Federal Employment (OF-612), Appleation for
Federal Employment (SF-171), or resume, along whh technical qualifications
and Executive Core Qualifications (ECGs) must be recerved by 30 September

2007, In order to receive full consideration, all technical quald kations and |

ECO% must be discussed in detail.

®4ppl to. Naval Research Laboratory, Code 1810GK, Anncuncement
INWT-XXXX-00-K9711724-5E5, 4555 Overlook Awvenue SW,
Washington, DC 20375-5320. Faxcd or emailed applications will not be
accepted. To view full vacancy announcement andfor to apply online wisit
https://hrol.arl.navy.mil/jobs/index.htm.

®For further information contact Ginger Kisamore, Human Resources Office, |

NRL at gingerkisamore@nrl.navymil or (202) 767-3792
MRL is an Equal Opportunity Employer
MNRL = 4555 Overlook Ave SW, Washington DC 20375

Advancing Therapeutics, Imporving Lives

Research Scientist | / |l
Biology Dept.
Foster City, CA

Gilead Sciences currently has an excelient opportunity for an experienced
professional o join our team The successful andidate wil play an integral
role in our Biochemistry Group and will be responsible for purification
and characwrizaton of recombinant proteins w support assiys, screening,
crystallography and other drug discovery-rehted needs.

The anddate must have subsmntial working knowledge of protein purification
mathods development, optimization and troubleshooting. He or she will be
expected 1o conduct active lab work independently and with RAs. Knowledge of
protein blophysics andlor molecular blology basics is 2 plus. Requires 2 PhD In
BiochemistrylMolecular Biology or related discpline with two to four years of
working experience with recombinant protein purification and characterization
In academic andler industrial setting.

Other requirements:

* Technically proficient in use of AKTA instrruments, diverse range of column
chrematography and general Bboratory protein biochemistry procedures.

= Experience with state of the art protein dharacterizaton technologics

= Must be able to independendy amalyze results and presens daca,

= Team player skills necessary to be key project team member and to collaborate
effecdvely with mult-faceted project teams,

= Good communication skdlls.

= Motivated self starter with good organizational skills.

For complete job descripton, reference reqif 300 and apply online ac
http://gilead.apply2jobs.com

@) GILEAD

20 Years of Growth and Excellence s

A world-leader in diagnoslics healthcare, Roche provides culling- edge syslems
for in-vilro diagnostics, patienl sell-moniloring, and Lhe research communily.
Join us in a challenging environment (hal inspires innovation and creativity al owr
indianapolis, IN, location.

PRINCIPAL SCIENTIST - so8 #mpo70456

In this vilal role, you'll oversee the resources of our technical affalrs group, which includes
vaidaling new products and processes, direcling technical investigations, and develop-
ing and implementing process improvements. To qualily, you must have either an MS in
Seience with 6 years of laboratory experience or a Ph.D with 4 years, and knowledge of
chemical and immunological manufacluring processes.

PRODUCT SUPPORT SCIENTIST - jo8 mupo70518

As a member of our technical alfairs group, you'll perform validation of new producis and
processes, conduct lechnical investigations of non-conforming products, and implement
process improvements. To quakly, you must have either a BS in Science wilh 5 years ol
expenence, an MS with 3 years or a Ph.D, and knowledge of statislics and analytical
chamistry and instrumenlation.

Roche & commitied lo providing equal opportunities fo a dwerse workforce. For more
nformation on these positions or Lo apply, please visit hitp://careers.ind.roche.com.
Ralerence specilic job #°s a5 isled above. Roche is commilled Lo providing equal op-
par tunities to a diverse worklorce.

We're People
Helping People _
Discover E)pportumty

roche.com

Max Planck Institute
for Demographic Research

The Max Planck Institute for Demographic Research (MPIDR) seeks to

recruita = :
Research Scientist

toconduct research for the Laboratory of Demographic Data. Qualified
demographers, sociclogists, statisticians, and other scientists with a
research background in the social sciences are invited to apply. We
intend to lill the position as soon as possible. The duration of the con-
tractwill initially be limited to three years. The salary is paid according
to gualification and in accordance with the rules of federal employees
in Eermany, up to level 14 TVaD.

The successful ap?licant must have completed a Ph.D. degree in
demography or a related field. He or she must have a proven record of
scientific work and theoretical expanence in the field of fertility and its
determinants in Europe and other industrialized societies as well as
knowledge of the relevant Iiterature,

The candidate will in the main process and analyze population and
survey data on fertility. The position raqlulres expertise in statistical
and demographic analyses and practical skills in handling demogra-
phic data. Fluency in English is essential

The Max Planck Society is committed to employing handicapped indi-
viduals. The Society wishes to increase the share of women resear-
chers.

Applications should include a CV with a statement of academic inte-
rests and relevant experience, a list of publications, two recommen-
dations, and contact details of two referees.

Please send all materials by 215! Detober 2007 to the:

Max Planck Institute for Demographic Research

Attn. Edelgard Katke
Konrad-Zuse-Str. 1, 18057 Rostock, Germany Z
Email: katke@demogrmpg.de Y

ML FLASCR LRS- arT
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O Texas Heart INsTiTUTE
at St Luke’s Episcopal Hospiral

The Texas Heart Insttute (THI) at St.
Luke's Episcopal Hospital, affiliated
with the University of Texas Health
Science Center at Houston is estab-
lishing a premier Cardiovascular Stem
Cell Biology Research Center. We
are currently recruiting established
and promising mvestigators who have
cstablished records of independent and
innovative research in Cardiovascular
Stem Cell Biology. The positions offer
very attractive recruitment packages and
excellent opportunity for translational
and collaborative research using state
of the art facilities in a rich academic
environment within one of the world’s
largest medical centers.

Please ¢-mail all inquiries, CVs and let-
ters of references to:

Ms. Sarah Cuddy
Administrative Assistant
Center for Cardiovascular Genetic
Research
Texas Heart Institute at St Luke's
Episcopal Hospital
Sarah.Cuddy@ uth.tme.edu

1628

Post-Doctoral Position
Cellular and Molecular
Regulation of
Angiogenesis and
Vascular Regression

Principal Investigator:
Roberto Nicosia, MD, PhD

Candidate will have up to three
years of post-doctoral expenence,
and a strong background in cell
and molecular biology. Desired
background includes vascular biol-
ogy, extracellular matrix biology,
and immunology. Position is in
the Department of Pathology, Uni-
versity of Washingion/VA Medical
Center, Seattle, WA

Send your CV and cover letter
electronically to:

nicosialab@ gmail.com
or by post to:

Eric Fogel
1660 S. Columbian Way
Mailstop S-151
Seattle, WA 98108
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FACULTY POSITIONS

£ Washington University in St.Louis

SCHOOL OF MEDICINE

ASSOCIATE DIRECTOR, Corporate and
Foundation Relations, Washington University
School of Medicine. Unique opportunity for Sa
entist or Science Wrter with genuine commitment
to the advancement of science. Work with faculty
and executive leadership to develop proposal strat
egies for foundations and corporations. Must possess
exceptional persuasive writing and verbal communi
cation skills, Position description and online appli-
cation at website: https:/ /hrawustl.edu/, Ay
Action /Equal Oppoetunity Employer

DEPARTMENT of CHEMISTRY
Biochemistry

The Depanment of Chemistey in the College of
Ars and Saences at Amencan Universiny secks a
full-time tenure-track faculty member at the rank
of ASSISTANT PROFESSOR for academic vear
2008-2009. The successful candidate must have a
Ph.D). in chemistry and be able to show evidence
of strong teaching skills. Primary weaching responsi
bilities include biochemistry and onganic chemistry.
Applicants are expected to maintain a strong e
search record. Other responsibilities also incude su
pervising graduate and undergraduate research
students and mentoring both undergraduate and
graduate students. To apply, submat a leter of ap
plication, curriculum vitae, a statement of research
interests, and a research plan, and arrange to have
three letters of reference sent directly from individ
uals who are able to comment on the applicant’s
teaching and research skills to: Dr. Albert Cheh,
Department of Chemistry, American University,
4400 Massachusetts Avenue N.W., Washington,
DC 20016-8104; c-mail: acheh@american.cdu;
fax: 202-885-1752. E- mail submissions are encour
aged. American University is secking highly dedi-
cared teadhens and scholars who are deeply comminted
to interdisaplinary learming, the application of new
technologies in teaching and scholarship, and to the
preparation of students for life in a diverse and rap.
idly changing global society. Women and  minonity
candidares are steongly  enconraged to apgply.  American
Univessivy is an Affionative Acton/Equal  Oppwvetiniry
Engloyer

The Amherst College Department of Chemistry
{website: http:/ /wwwamherst.edu/~ chemistry /)
invites applications for a full ttme tenure-track AS-
SISTANT PROFESSORSHIT in biochemistry or
bic-organic chemistry begmmng in July 2008, The
position requires a Ph.D., and calls for teaching ar
the introductory and advanced undergraduate levels.
Opportunities for weaching in inerdsaphnany courses
and prograns are also available. The successful can-
didate will be expected to establish a vigomous reseanch
program in which undergraduates can substantively
participate. The research program may span the
boundaries between biochemistny and ather sciences,
Applicants should submit curriculum vitae, under-
graduate and gradwate transeripes, a statement of
teaching philosophy, and a detailed descnption of
their research plans, and should arrange for the for
warding of three letters of reference, all to: Profes-
sor Joseph N. Kushick, Chair, Department of
Chemistry, Amherst Caollege, Amherst, MA 01002.
Review of matenak will begin October 8, 2007,

Amhers College & a pavate, liberal ats institution
of some 1 600 students and 190 faculty. Located in
the Conpecticut River Valley of western Massachu-
setts, it participates with Hampshire, Mount Holyoke,
and Smith Colleges, and the lTni\'-:nil:r of Massachu-
sets in the Five-College Consortium. The College
enrolls students from neady every state and from more
than forty countries.

Anihient Collope &5 @i .":'.;n.l.' Oppartaiey, Al Aie-
tionr Bmeploper aod ancournapes uowien, peooves of codor, and
porseis il disabiliees to appdy. Tl admnis ration, faceliy,
ard stwdent by are comminied to anracting gqualified cmdi-
J.Jfl.‘S III-'I'I‘H I.:'I'l.‘flllﬂ l'“'l'l'l."!lﬁl}' J‘H']'lh"fﬂ'I"'lf!l.‘]‘!’lllr Ll l'l’"j'.'“'ll

POSITIONS OPEN

BACTERIAL PATHOGENESIS
POSTDOCTORAL FELLOW POSITION is

available immwediately to join the collaborative rescarch
groups of Drs, David N. McMurmray and Jeffrey D.
Cirillo studving tuberculoss pathogencsis. Selected
individual will be primarily responsible for conduct

ing independent research on mycobacerial pathogens
and publication of results. Research will emphasize
the molecular, cell biological and immunologcal
characterization of virulence determinants in myeo-
bactena and ther interactions with the host m a
puinea pig virulence model, Ph.D. required and a
record of productive experience in molecular biology
of bacterial pathogens preferred. Send curnculum
vitae and names and addresses of three references
postmarked by Ocrober 31, 2007 (or until a suitable
candidate is found), to: Dr. Jeffrey D. Cirllo, De-
partment Microbial and Molecular Pathogenesis,
Texas A&M University Health Science Center, M.5.
1114, 471 Reynolds Medical Building, College
Stadon, TX 77843- 11 14. Fax: 979-845-347Y; c-nmuil:
jdeirillo@medicine tamhsc.edu. Contact Dr., Cirillo,

telephone: 979-458-0778 for additional information.

Texaws AGM Uminersity Systens Health Soieiwe Center is
any Affieative Aaion /Egual Oppouiity Employer and ene
wnmges applications fom womrcn aod miontics

POSTDOCTORAL POSITIONS
Prostate Cancer

An excellenmt opportunity for career development
o instructor and junior faculty appointment, the
position will study the development and growth of
prostate cancer using mouse prostate stem cell
madels, Focus will be on the role of the Pim protan
kinase and regulation of TOR. Individuals should
have a strong background in transgenicknockout
mowse models and molecular biology/protein chem
istry. Forward cumiculum vitae and the name of
three references to: Andrew S, Kraft, M.D., Di-
rector Hollings Cancer Center, 86 Johnathan
Lucas Street, PP.O. Box 250955, Charleston, SC
29425, E-mail: hecjobs@muscedu. Mease refer
ence ad #5001,

FACULTY POSITIONS

The UNIVERSITY of TEXAS
SOUTHWESTERN MEDICAL CENTER
at DALLAS

The Department of Internal Medicine /Division
of Nephrology secks an ASSISTANT /ASSOCIATE
PROFESSOR for our expanding dialysis, transplan
tation, and clinical /translanonal research programs.
Applicant must have an M.D. degree or equivalent
from an approved Liason Committee on Medical
Educanon medical school and satisfactory completion
of an intermal medical resdency and a nephrology
fellowship from an Acereditation Council for Grad-
uate Medical Education-accredited program. Level
of appointment will be commensurave with expen
ence. Candidate must be eligible for Texas medical
icensure and be Board certified//cligible in Internal
Medicine. We are recruiting both CLINICIANS
and CLINICAL SCHOLARS. Duties of Clinican
will include patient care with emphasis on dialysis
and transplantation; Clinical Scholars will be ex
pected to develop independent rescarch programs
and participate in our newly funded Q' Brien Kidney
Rescarch Core Center. Duties will also include the
teaching and training of medical students, graduate
students, house st and fellows. Individuak who ane
eligible for our Disease-Oriented Clinical Scholars
(DOCS) Program are particularly encouraged vo apply.
Visit our website: hetp://www.utsouthwestern.
edu/nephrology. Send curniculum vitae, descnption
of rescarch interests, and three refecence letters to:
Robert Toto, M.D., Director of Clinical Nephrol-
ogy, University of Texas Southwestern, 5323
Harry Hines Boulevard, Dallas, TX, 75390
8856. E-mail: robert.toto@utsouthwestern.edu.
LT Southuestern @5 an Egual Oppormiey ZAfromatne e
AT .F:'J::j'-hlju':

WWW.sCiencecareers.orqg
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FACULTY POSITIONS

TENURE-TRACK ASSISTANT PROFESSOR
Cell Biology
Brandeis University

The Brandeis Biology Department & secking to Fill
a tenure-track position in the broad arca of cell bi
ology, beginning fall 2008. Arcas of interest include
cell polamy and structure, macromolecular assem
blages, organelles, membrane systems and transport,
cell division, avtoskeleton, cell motility, and cell ad-
hesion. We are looking to complement existing
strengths at Brandeis in ¢ell and structural biology,
development and funcion of the nervous system,
chromosome structure and function, and biophysics.
We expect that the appointment will be made at
the ASSISTANT PROFESSOR level, although
an appantment for more advanced andidaes with
exceptional qualifications may be considered. Candi-
dates should have a Ph.D., MDD, or both, as well
as postdoctoral experience. First consideration will
be given to applications received by November 1,
2007. Candidates must submit initial information
online at website: hetp:/ /www.bio.brandeis.edu /
facultySearch /appFormMB.php. Applicants should
submut ( preferably in PDE format) cumculum vitae,
research plan, and publications, and should arrange
for three letters of recommendation to be submined
to e-mail: volencenter@couricr.brandeis. edu.
Brandas Unferaty 65 o Equal Oppotuniry Employer,
commiteed 0 buildioe o codmiedly deene dmellectiad  comi-
manney wnd seomply aconeaes applicativns faen uosicn and
PR IR

The UNIVERSITY of TEXAS
SOUTHWESTERN MEDICAL CENTER
at DALLAS

The Department of Internal Medicine, Division
of Nephrology, seeks faculty at the ASSISTANT/
ASSQOCIATE PROFESSOR level who will develop
independent research programs in kidney hiology
and disease. Individuals with expertise in human
genetics or glomerular biology and who are eligible
for Endowed Scholars or Discase-Onenved Clinical
Scholars Programs are particularly encouraged 1o ap-
rly. Preference will be given to Physician-Scientists,
it Basic Scientists will also be considered. Success-
ful candidates will partcipate in our newly funded
(VBrien Kidrey Research Core Center. Applicant
must have an M.D. or Ph.D. degree. Clinical duties,
if applicable, include patient care activities in ne
phrology. Other responsibilities will indude the
teaching and training of medical students, graduate
students, house staff, and fellows. Visit our website:
hup: / /www.utsouthwestem.edu /nephrology. Send
curnculum witae, descniption of research, and three
reference letters to: Peter Igarashi, M.D., Chicf of
Nephrology, University of Texas Southwestern,
5323 Harry Hines Boulevard, Dallas, TX 75390-
8856, E-mail: peter.igarashi@utsouthwestern.
edu. U'T Soitlwredern s an Bgond Opprortamiey /A ffirmatie
Action Emplayer

MICROBIOLOGY FACULTY POSITION.
The Department of Biology at Clark University,
Waorcester, Massachusctts (website: http:///waww,
clarku.edu /departments /biology /) invites appli
cations for a enure-track appointment at the rank
of ASSISTANT PROFE R, 1o begn fall 2008.
The successful candidave will be expected to develop
an externally funded research program in any area of
microbiology involving Ph.D. and undergraduate
students. The candidate will teach microbiology and
other ;i'l]tmpriatc courses. Applicants should submit
curriculum vitae, summary of research and teach-
ing inverests, and three publications. Three letters of
reference should be recaved by the Search Com-
mittee prior to October 15, 2007, for full consid
eration (e-mail: micro@clarku.edu). Mease sce
website: https://www.clarku.edu/offices /hr/
jobsdb. cfm?id - 37 6 &viewjob- 1l &grouping-F for
full posttion description. Inguines may be directed
1o e-mail: sfoster@darbu.edu. Afirmmiye Amion Azgral
Oppoctamity Employee. Minovities and women ane especially
encorapad o apply

1630

POSITIONS OPEN

The NEUROSCIENCES INSTITUTE
La Jolla, California
Neural Modeling

Research positions are available to work with a
diverse team using and developing autonomous
robatic devices whose behavior is guided by large-scale
ncuronal networks (brain-based devices). Positions
are avatlable immediately at the POSTDOCTORAL
or ASSISTANT PROFESSOR level Apphcants
should have a background in areas such as modeing
of complex neural systenms or experimental systems
neurophwsiology. Expenience with advanced compu-
taional techniques is desirable.

The Neurosciences Institute provides opportuni
tics for interactions among rescarchers in vanous
disciplines using both theoretical and expenmental
approaches with the overall goal of increasing fun-
damental understanding of brain function.

Interested candidates should send curnculum
vitac including the names of three references e
Dir. W. Einar Gall, Rescarch Director, The Neuro-
sciences Institute, 10640 John Jay Hopkins Drive,
San Diegn, CA 92121 or to e-mail: jobl @nsi.edu.

Tl Newvowcienwes Disstitite & an Dapoal Oppsortieenty Engployer

POSTDOCTORAL RESEARCH POSITIONS
Center for the Physics of Information
Califormia Institute of Technology

The Center for the Physics of Information at the
California Institute of Technology will have Post
doctoral Scholar positions available beginning in
Seprember 2008, Researchers interested in all as-
pects of the interface between information science
and physical science are invited to apply. Mease apply
online at website: hiep://www.ist.caltech.cdu /

joinus /positions.hemi#postdoc,

Electronic copies of vour cumeulum vitae, publi
cation list, statement of research interests, and three
letters of recommendation are required. The
deadline for recapt of all application materials is
December 17, 2007.

The California Insticnte of Techoology is an Egual
-!Jﬁn'r.rmnr_;';'_'!Jrf:m.tnn' Aeriow fﬁr];ﬂ.l}'d'. Woanien, mionnes,
veteras, amd peaons with disabilinies awe enconraged fo apply.

POSTDOCTORAL RESEARCH POSITIONS
Institute for Quantum Information
Califomia Institute of Technology

The Institute for Quantum Information at the
Cabfornia Institute of Technology will have Post
doctoral Scholar positions available beginning in
September 2008, Rescarchers interested in all
aspects of guantum information science are invited
o apply. Please apply online at website: hop:
www.igi.caltech.edu. Electronic copies of vour

curriculum  vitae, publication list, statement of

rescarch interests, and three letters of recommenda-
tion are required. The deadline for receipt of all
application materials s December 17, 2007,

The California Insticmte of Technolagy i an Egual
Opporainntty L Affiemiative Action Employa. Women, mvinonitics,
eteranns, aind persoves with diabelitier ane enconraged to apply

A matmated POSTDOCTORAL RESEARCHER
in computational structural biology & wanted w
develop a TBM protein structure prediction algo-
rithm in the Tsa group at Texas A&M University in
the Biochemistry /Biophysics Department (website:
htep: / /sailab.amu.edu). Start date as soon as
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possible, since partiapation in CASP 8 is involved.
Required skills are: background in the biological sai

ences as well as amibiarity with UNIX,/Linux, script

ing, and programming. Pay hased on the currem
Nﬁl scale for postdoctorates. Please send (1) cur-
riculum vitae, (2) three publications, and (3) three ref
erences to c-mail: juanitaw@tamu.edu,

POSITIONS OPEN

Three POSTDOCTORAL POSITIONS availa-
ble immediately at the Hormel Institute, University
of Minnesora (UMN), Section of Cancer Biology,
Austin, Minnesota, for persons with doctoral training
mn cancer molecular or cell biology, biochemasiry, an
pogenests, mediana chemistry, sex geroid hormone
sgnaling o mvestigate mechanisms of cancer chemo-
prevention and therapy by selenium and other agents.
Working experience in recombinant DNA techniques,
BNAIL, apoptosis, autophagy, cell cvcle regulation, an
mogenesis, transgenic adenocantinoma of mouse pros
tate, and other transgenic cancer models is highly
dedrable. Ifinterested, please apply online at the UMN
Employment Home Page website: http://www.
umn.edu /ohr /employment and refer to requisiion
number 143039, PMlease send curnculum vitae also
1 Prof. Johnny Lu, e-mail: jlu@hi.uomn.edu. The
Unipersity of Mumesota o commnitied to the policy thear all
JemoRE ihall b r...lu.:lf MO I IS g, _I.in'h‘n‘s aind
emplopment withows wogand to e, olloe, omed, eeligion, e
thowral oeiting, sex, ape, manitd ctatus, diability, pullic awsis-
alblC) STAE, INIERER SRR, o _‘l".'l.'l”! O T U

Help employers find
you. Post your
resume/cv.

Science Careers

From the journal Science l:l AMAS

www.ScienceCareers.org

Find your future rlere.

www.ScienceCareers.org

MARKETPLACE

MCLAB DNA Sequencing from $3.50

Free shipping for 20+ reactions.
High throughput. Direct sequenc-
ing from bacteria, phage, genomic
DNA, PCR products, hairpin, etc.

1-633-mdab-83, www.mciab com

Oligo Labeling Reagents

* BHQ /CAL Fluor /Quasar Amidites
t Amidites for 5’ & Int. Modifications

* Standard and Specialty Amidites
BIOSEARCH  +1.800.GENOME.1
NS wwwibtilabeling.com

WWW.sCiencecareers.orqg




Saluting the next generation of scientific leaders
CONGRATULATIONS to the 2007 UNCF/Merck Science Initiative Fellows

For the past 12 years, Merck & Co.,

Inc. has proudly partnered with United
Negro College Fund (UNCF) to support
the advancement of African Americans

into biomedical professions to achieve

the complementary goals of national

economic competitiveness and social
diversity. The UNCF/ Merck Science
Initiative is pleased to congratulate this
year's 36 scholarship and fellowship
recipients — undergraduate, graduate and
postdoctoral students from 32 academic

institutions across the United States.

The 2007 Fellows exemplify limitless
potential as tomorrow’s research
scientists, professors and teachers, We
applaud our award recipients — past
and present — whose hard work and
commitment represent the future of

science and education.

For more information about the UNCF/ J,
Merck Science Initiative, please visit:

www.uncf.org/merck
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l. Undergraduate Science Research Scholarship Awards
Nicole Bowles, New York University

Elijah Burbank, University of Washington

Charles Drummer, University of Delaware

Brandi Johnson, North Carolina A&T State University
Geron Johnson, Saginaw Valley State University

Paul Kelley, The Catholic University of America

Threshia Malcolm, Mount Holyoke College

Adriana Martin, Bl‘éum_ﬁ Id College

Khadijatou Hiimqlﬂf'_ j,_l';prsity of Maryland, Baltimore County
Emily N ,kpuda.'ﬁﬁ Carolina Central University

Arie Shaw, Xavier University

Delia Shelton, Southwestern University

Shayla Shorter, University of Maryland, Baltimore County
Rosa Wright, Albﬁny State University

Il. Graduate Science Research Dissertation Fellowship

Catherine Bangeranye, The Graduate Center, City University of New York

Clarisa Buckner, Yeshiva University

Courtney Gﬂﬂdwii'il, Johns f—lnpkins University

Rochelle Jean-.lapquas. Upivarsiw of California, San Diego

Carl Johnson, University of Pittsburgh

Tori Matthews, University ?f Alabama, Birmingham

Winnette Mcintosh Ambrose, Johns Hopkins University

Johnnie Moore, Saint Luui_fs University |
-

2

Jocelyn Reader, Unive rsitJ‘ of Maryland, Baltimore
Tanya Russell, University of Colorado, Denver
Monica Sylvain, Lpuisiana; State University, Baton Huﬁge P

Il. Postdoctoral Science Research Fellowship

Anthony Baucum, Il, Vanderbilt University

Namandje Bumpus, University of Michigan

Michael Bernard Duncan, Il, Harvard University

Erica Glasper, Princeton University

Lori Norton, Georgia Institute of Technology

Manu Platt, Massachusetts Institute of Technology
vid Pride, Stanford University

Kimberly Raines, University of North Carolina, Chapel Hill

Christopher Williams, Tulane University

Regina Wilson, Johns Hopkins University




Offering a complete line of Th17-related research tools.
R&D Systems specializes in providing the highest quality reagents for assessing immune system function. These
include a wide selection of tools for studying apoptosis, autoimmunity, complement/coagulation pathways, co-stim-
ulation, hematopoiesis, innate/adaptive immunity, infectious diseases, inflammation, & much more,
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Mouse splenocytes (10° cells per well) were cultur-
ed in the absence (inset) or presence of PMA and a
calcdumionophore. The frequency of IL-17 producing
cells was measured with the mouse IL-17 ELISpot Kit
(Catalog # EL421).
_ Th17-RELATED PRODUCTS
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For a complete listing of immunology-related products visit our website at www.RnDSystems.com/go/Immunology
USA S Canada RAD Systems,Inc Tel: (800) 343-7475 inflo#RnD Systems com
Ewrope RE&D Systems Europe,Ltd. Tel: 48 (011235 529449 infofRnDSstemicoouk
For research use only. Not for use in diagnostic procedures.
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